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With the adven t of space e x p lo ra t io n  and con tinued  development of 
h ig h ly  s p e c ia l iz e d  weapon and defense systems whose o p e ra t io n  in  some cases 
produces h igh  i n t e n s i t y  e l e c t r i c  f i e l d s ,  and ever  in c r e a s in g  e l e c t r i c a l  
power demands by s o c i e t y ,  man i s  in  tu rn  being  s u b je c te d  to  s t r o n g e r  and 
more v a r ie d  e l e c t r i c  and magnetic f i e l d s  than ever b e f o r e .  We have known 
f o r  some time th a t  h igh  energy r a d i a t i o n  produces gene m u ta tions  and chromo­
somal a b e r r a t io n s  in  almost a l l  organisms so i t  would be o f  g r e a t  i n t e r e s t  
then to  f in d  out i f  lower energy f i e l d s  such as e l e c t r o s t a t i c  and magnetic 
f i e l d s  could  a f f e c t  g e n e t ic  phenomena. To do th i s  D rosoph ila  r e l a n o g a s te r  
were su b je c te d  to e l e c t r o s c a t i c  and magnetic f i e l d s  to  de term ine  the 
in f lu e n c e  on n o n d is ju n c t io n ,  c ro ss in g  over and gene m u ta tio n .
F l i e s  were su b jec ted  to  homogeneous and inhomogeneous e l e c t r o s t a t i c  
f i e l d s .  There i s  no s teady  s t a t e  c u r r e n t  in  an e l e c t r o s t a t i c  f i e l d .  A 
homogeneous f i e l d  i s  one which i s  uniform  throughout and the  d i r e c t io n  of 
the  f i e l d  i s  th a t  which a p o s i t i v e  charge would move when p laced  in  the 
f i e l d .  An inhomogeneous f i e l d  i s  one which i s  no t  un iform  th roughou t,
i . e . ,  the  f i e l d  s t r e n g th  i s  no t the same a t  every  p o i n t .  I f  th e  chromosomes 
o r  genes e x h ib i t  a n e t  charge o r  a d ip o le  moment th e  e l e c t r o s t a t i c  f i e l d s  
may e x e r t  a fo rce  s t ro n g  enough to in f lu e n c e  t h e i r  movement, o r  p a i r in g ,  
o r  cause gene m u ta tion .
1
The m agnetic  f i e l d  used in  th i s  s tudy  was homogeneous so the 
f i e l d  s t r e n g t h  was uniform  between the po le  f a c e s .  B io lo g ic a l  m a te r i a l ,  
in c lu d in g  chromosomes and genes ,  show a  very  weak magnetic p ro p e r ty ,  i f  
any a t  a l l ,  b u t  u n le s s  the  b io lo g ic a l  m a te r i a l  under t e s t  e x h i b i t s  a n e t  
charge th e re  would be no fo rc e  exe r ted  on i t  when p la c e d  i n  the  homo­
geneous m agnetic f i e l d .
E l e c t r i c  F ie ld s
A number o f  experim ents  have been done to  d e te rm ine  the  e f f e c t  of 
e l e c t r i c  c u r r e n t  and e l e c t r i c  f i e l d s  on b io l o g ic a l  m a t e r i a l .  A review of 
the  l i t e r a t u r e ,  however, i n d i c a te s  th a t  the  number o f  experim ents  us ing  
s t a t i c  e l e c t r i c  f i e l d s  on b io lo g ic a l  systems i s  q u i t e  sm a l l  and, what i s  
of s p e c ia l  i n t e r e s t ,  s tu d ie s  using  any type o f  e l e c t r i c a l  a p p a ra tu s  
r e p o r t  r e s u l t s  which a re  n o t  always the same under s i m i l a r  experim en ta l 
c o n d i t io n s .
This s tu d y  concerns the  e f f e c t  o f  e l e c t r o s t a t i c  f i e l d s  on g e n e t ic  
phenomena in  D ro so p h ila  m e lan o g as te r , and perhaps u n f o r tu n a t e ly ,  th e re  
a re  very few s tu d ie s  d ea l in g  w ith  any type o f  e l e c t r i c a l  energy e f f e c t  
on g e n e t ic  m a te r i a l  o f  any organism . In  those  s tu d i e s  which have been 
done i t  i s  d i f f i c u l t  to  draw any conclusions  as to  what s p e c i f i c a l l y  i s  
a f f e c te d  by th e  e l e c t r i c  c u r r e n t ,  or f i e l d s ,  or why an e f f e c t  i s  produced.
The types  of p o s s ib le  e f f e c t o r s  used in  v a r io u s  s tu d ie s  in c lu d e  
e lec tro m a g n e t ic  waves, a l t e r n a t i n g  c u r r e n t ,  d i r e c t  c u r r e n t ,  and d i r e c t  
c u r r e n t  p u l s e s .  E lec tro m ag n e tic  waves of v a r io u s  le n g th s  have been 
produced from wave g e n e ra to r s  and were su spec ted  o f  having the  a b i l i t y  
to  produce changes i n  the b i o l o g i c a l  system s im i la r  to  th e  e f f e c t  p ro ­
duced by x - r a y s .
In  1930, Hersh and K a rre r  su b je c te d  D rosophila  to  e l e c t r i c  
waves o f  1.14 x 10^ H ertz  (Hz). They re p o r te d  57 anom alies in  26,125 
progeny from th e  f l i e s  exposed to  the  waves. Of th e se  57 anomalies they  
found 5 f l i e s  w ith  s p o t te d  eyes and in d ic a te d  th a t  t h i s  c h a r a c te r  was 
t r a n s m i t t e d  to  the  o f f s p r in g  as an i n h e r i t a b l e  t r a i t .
Some time l a t e r  Schm itt and O live r  (1933), however, r e p o r te d  
n e g a t iv e  r e s u l t s  when s u b je c t in g  D rosophila  to  e l e c t r i c  waves o f  
5 X 10^ Hz. They r e p o r te d  t h a t  of the f l i e s  s u b je c te d  to  the waves,
35 p e rc e n t  remained f e r t i l e ,  or a t  l e a s t  were v ia b le  and ab le  to  produce 
progeny. There were no v i s i b l e  m utations in  the  progeny, no t r a n s l o c a t i o n s  
were d e te c te d  and l e t h a l  m u ta tions  were n o t  found in  any g r e a t e r  f r e ­
quency than i n  the  c o n t r o l s .  The number o f  f l i e s  t e s t e d  was n o t  s t a t e d .
K rejevoj (1936) exposed wheat and pea seed s ,  j u s t  beg inn ing  to  
s p ro u t ,  to  u l t r a - s h o r t  e l e c t r i c  waves (10-11 MHz) fo r  3-15 m inutes and 
r e p o r te d  some very  i n t e r e s t i n g  r e s u l t s  in  chromosomal a c t i v i t y .  He 
r e p o r te d  th a t  in  the  pea s e e d l in g  e l e c t r i c  waves produced lag g in g  o f  the  
chromosomes in  anaphase , the  form ation  o f  m ic ro n u c le i ,  chromosome b reaks  
and f rag m en ta t io n ,  t r a n s l o c a t i o n s ,  "som atic  r e d u c t io n " ,  and pseudom eiotic  
d iv i s i o n  of som atic  c e l l s .  From the  d is c u s s io n  the l a t t e r  two phenomena 
r e f e r  r e s p e c t iv e ly  to som atic  p a i r i n g  of chromosomes i n  which th e  chromo­
somes appear as b iv a le n t s  and n u c le a r  d iv i s io n  fo llow ed  by no c e l l u l a r  
d iv i s i o n .  In r e g u la r  m e ios is  th e re  i s  one chromosomal r e p l i c a t i o n  and 
two c e l l  d iv i s io n s .  U n fo r tu n a te ly  no th ing  was s a id  abou t c o n t ro l s  i n  
t h i s  experim ent.
C ontrary  to the r e s u l t s  ob ta ined  by K ra jev o j ,  B i t t e r  (1936) 
found no e f f e c t  upon s u b je c t in g  b a r le y  seeds  to  h igh  frequency waves of
approx im ate ly  20 .7  and 58 .8  MHz.
C a p a c i to r  p l a t e s  connected to  an a l t e r n a t i n g  c u r r e n t  s o u rc e  main­
ta in in g  low or h ig h  v o l ta g e  have been used as  p o s s ib le  e f f e c t o r s .  In  t h i s  
type of a p p a ra tu s  charges c o n t in u a l ly  flow in to  and ou t o f  the p l a t e s  as 
th e  v o l ta g e  i s  in c re a s e d  o r  decreased .  The c u r re n t  through such a  c a p a c i to r  
would have the  p o s s i b i l i t y  o f  producing  a h e a t in g  e f f e c t  in  a l i v i n g  
organism p laced  between th e  c a p a c i to r  p l a t e s .  I t  would seem t h a t  i f  e f f e c t s  
a r e  noted i n  an organism o r  b i o l o g i c a l  system s u b je c te d  to  such a n  ap p a ra tu s  
th e  e f f e c t  would most l i k e l y  be due to  h e a t in g .
In  1930, H orlache r p laced  D rosophila  males between c a p a c i t o r  p l a t e s  
su p p lie d  w i th  33 kV and a  frequency o f  60 Hz. Some v a r i a t i o n s  were re p o r te d  
b u t  no m u ta tio n s  were produced in  the  f l i e s .  He then  in c re a se d  th e  v o l tag e  
to  225 kV a t  1.225 MHz and exposed male f l i e s  f o r  one m inute . A t o t a l  of 690 
c ro s se s  were made fo r  th e  purpose of d e te c t in g  r e c e s s iv e  l e t h a l  m u ta tio n s  b u t  
none were found. Too few chromosomes were t e s t e d  to  show a t r u e  e f f e c t .
Q uite  some time l a t e r  H e l le r  and T e ix e i r a -P in to  (1959), u s in g  a  
s im i la r  ap p a ra tu s  which produced a  frequency of 27 MHz (p u lse s  were cn the 
o rder  of 5 x 10“ ^ s e c . )  exposed g a r l i c  roo t t i p s  submerged in  w a te r  to  the 
c u r re n t  and re p o r te d  t h a t  chromosomal a b e r ra t io n s  were produced. The 
a b e r r a t io n s  m a n ife s t  them selves in  showing l i n e a r  s h o r te n in g ,  p se u d o c h ia s -  
mata, a m i to t ic  d iv i s io n  and chromosomal b r id g e s .  They in d ic a te d  t h a t  most 
o f  the e f f e c t s  no ted  were produced when o p e ra t in g  a t  80-180 p u ls e s  p e r  se c ­
ond. This work lends some support to  the study by K ra jev o j .
Dormant tobacco seed s  were a l s o  found to  be a f f e c t e d  by an  e l e c t r i c  
c u r t e n t .  Burk and Nelson (1964) r e p o r t  th a t  the t re a tm e n t  caused reduced 
seed v i a b i l i t y  and m orphological changes. The l a t t e r  were n o t  always
found to  be a s s o c ia te d  w ith  chromosomal changes bu t  some were. The c u r re n t  
a l s o  caused g en e t ic  changes because mutants were found In  g en e ra tio n s  
fo llow ing  trea tm e n t .
A study  done by Fedorov and Rogov (1963) i n d i c a te d  th a t  a  p u lsed  
c u r re n t  had a  b a c t e r i c i d a l  e f f e c t  on microbes p re s e n t  i n  m ilk . The e f f e c t  
was s a id  to  be due to  In ç a c t  and c a v i t a t io n  on the m icrobes .  Along th i s  
same l i n e  Knoepp, e t .  a l . ,  (1962) found t h a t  an a l t e r n a t i n g  c u r re n t  of 
99-1000 Hz and w ith  v a r i a b l e  v o l ta g e s  produced a l e t h a l  e f f e c t  i n  some normal 
and m alignan t c e l l s .  C e l ls  of v a r io u s  types  were used b u t  the e f f e c t  was 
n o t  c o n s i s t e n t  on a l l  c e l l s .  They in d ic a te d  t h a t  the  e f f e c t s  no ted  were 
n o t  due to  h ea t  bu t  w ere , i n  f a c t ,  due t o  the c u r r e n t .
A c a p a c i to r  connected to  a d i r e c t  c u r re n t  w i l l  produce a s t a t i c  
e l e c t r i c  f i e l d  s ince  th e re  i s  no c u r re n t  ac ro ss  the c a p a c i to r .  Some 
re s e a rc h e r s  have s u p p l ie d  d i r e c t  c u r re n t  p u lse s  to the  c a p a c i to r  p l a t e s .
A s tudy  by Boevenspeck (1961) in d ic a te s  th a t  d i r e c t  c u r r e n t  p u lse s  have 
le ad  to th e  i n a c t iv a t i o n  o f  microorganisms.
Some d e ta i le d  s tu d ie s  by Hamilton and Sale (1967) and Sale  and 
Hamilton (1967, 1968) a re  o f  g r e a t  i n t e r e s t .  They s u b je c te d  suspensions  
of microorganisms and f r e e  c e l l  suspensions  to  d i r e c t  c u r r e n t  p u lses  
(p u lse  le n g th  o f  2-20 m icroseconds a t  a r a t e  of 1 p u ls e  p e r  second) o f  1-27 
kV/cm and found t h a t  a  b a c t e r i c i d a l  e f f e c t  was produced which was n o t  due
to  h e a t in g .  They r e p o r te d  t h a t  the  e l e c t r i c  f i e l d  c o n t r o l l e d  the  degree
of k i l l .  To a t tem p t t o  determ ine s p e c i f i c a l l y  what was b e ing  a c te d  upon
to produce l e t h a l i t y  a  v a r i e ty  of systems were checked. They suggested
th a t  the f i e l d  may cause  a lo s s  o f  membrane sem ip e rm ea b il i ty  and lo s s  o f  
i n t r a c e l l u l a r  m a te r i a l .  However, th e re  was no o b se rv ab le  damage to  the  c e l l
membrane when viewed w ith  an e le c t ro n  m icroscope. They in d i c a te d  th a t  the 
e f f e c t  on th e  c e l l  membrane may, however, be lo c a l i z e d  to  a s p e c i f i c  a re a  
o r  a re a s  and t h a t  the  l i k e l ih o o d  o f  o b ta in in g  a s e c t i o n  o f  th e  c e l l  membrane 
which inc luded  th e  s i t e  would be very  sm a ll  when such th in  s e c t io n s  were 
used. In  f l a g e l l a t e d  organisms the  lo s s  o f  m o t i l i t y  was n o t  due to lo s s  
of f l a g e l l a e  and th e  f i e l d  d id  no t appear to  i n h i b i t  enzyme a c t i v i t i e s  in  
the c e l l s .  Lysis  o f  e ry th ro c y te s  was a l s o  r e p o r te d  when the  p o t e n t i a l  d i f f ­
erence ac ro ss  th e  c e l l  membrane (which was co n s id e red  to  be 10 ^ cm th ic k )  
was approxim ate ly  1 v o l t .  I t  was suggested  t h a t  l y s i s  may be due to some 
s t r u c t u r a l  change in  the  c e l l  membrane caused by the  e l e c t r i c  f i e l d s .
Murr (1963, 1964) su b je c te d  g rass  p la n t s  to  a homogeneous e l e c t r o ­
s t a t i c  f i e l d  and found p la n t  growth i n h i b i t i o n  and indeed  in  some cases  th e  
e f f e c t  of the  s t a t i c  f i e l d  was l e t h a l  fo r  the  p l a n t s .  Murr suggested  t h a t  
the e f f e c t  o f  e l e c t r i c  f i e l d s  on p la n ts  may be a s s o c ia t e d  w ith  the  accumu­
l a t i o n  of io n i z a b le  s a l t s  which may reach a  poisonous l e v e l  and e v e n tu a l ly  
may le a d  to  d eh y d ra t io n  o f  the c e l l  o r  may a l t e r  enzyme a c t i v i t y  which could  
a l s o  a l t e r  m e tab o lic  a c t i v i t y .  Priovano (1963) c i t e d  i n  M ih a ly f i  and S e r f  
(1967) a lso  b e l i e v e s  t h a t  the  e f f e c t  of an e l e c t r i c  f i e l d  on p la n ts  i s  i o n i c .  
He suggests  th e  f i e l d  causes a d isp lacem ent of f r e e  io n s  or o f  those to  be 
r e le a s e d .
Experiments by M ih a ly f i  and S e rf  (1967) on c a t a l a s e  a c t i v i t y  i n  seeds 
su b je c te d  to  homogeneous and inhomogeneous e l e c t r o s t a t i c  f i e l d s  o f  3-5 kV/cm 
in d ic a te  nonuniform in c re a s e s  in  enzyme a c t i v i t y .  Cucumber seeds  show a 
uniform  in c re a s e  i n  c a t a l a s e  a c t i v i t y  in  homogeneous f i e l d s  w ith  in c re a s in g  
f i e l d  s t r e n g th  and exposure time w hile  in  maize and p e a s ,  a c t i v i t y  in  seeds  
exposed a t  3 kV/cm and 5 kV/cm fo r  3 seconds shows a  lower c a t a l a s e  a c t i v i t y
than in  th e  c o n t ro l s .  However, when exposed a t  5 kV/cm fo r  10 seconds th e  
a c t i v i t y  in  bo th  seed  types  was g r e a t e r  than in  the  c o n t ro l s  f o r  each group. 
Exposure of the  seeds to  inhomogeneous f i e l d s  o f  3-5 kV/cm produced a lm ost 
i d e n t i c a l  r e s u l t s  to  those  o b ta in ed  when seeds were exposed to  homogeneous 
f i e l d s .
S tu d ie s  in  which D rosoph ila  have been s u b je c te d  to  e l e c t r o s t a t i c  
f i e l d s  have heen very  few. Two such s tu d ie s  were done by Avio and Tarozzi 
(1956, 1958) in  which D̂. m e lan o g as te r  were p laced  i n  a s t a t i c  f i e l d  of 
125 V /meter and a second group in  a Faraday cage which se rved  a s  th e  c o n t r o l .  
N egative r e s u l t s  were r e p o r te d  in  th e se  s tu d ie s  on the  e f f e c t  o f  th e  f i e l d  
on o v ip o s i t io n  and egg h a tc h .
A t ru e  e f f e c t  o f  e l e c t r i c  f i e l d s  on b io l o g i c a l  systems seems to be 
in c o n c lu s iv e  and th e re  s t i l l  seems to  be some q u e s t io n  on the  p o s s i b le  ge­
n e t i c  e f f e c t  in  D rosophila  s u b je c te d  to  an e l e c t r o s t a t i c  f i e l d .  As mentioned 
p re v io u s ly  homogeneous and inhomogeneous e l e c t r o s t a t i c  f i e l d s  a r e  used i n  
t h i s  s tu d y .  I f  a p a r t i c l e  w ith  ze ro  n e t  charge i s  p la c e d  in  a  homogeneous 
s t a t i c  f i e l d  no fo rce  i s  e x e r t e d  on th e  p a r t i c l e  b u t  a fo rc e  would be e x e r ­
ted  on such a p a r t i c l e  i n  an inhomogeneous s t a t i c  f i e l d .  A fo rc e  would be 
e x e r te d  on a charged p a r t i c l e  p laced  in  a homogeneous o r  inhomogeneous f i e l d .  
I f  D rosophila  chromosomes o r  genes have no n e t  charge no fo rc e  would be ex­
e r t e d  on them i n  th e  homogeneous f i e l d  bu t  i f  a  charge i s  e x h i b i t e d  then  a 
fo rce  would be e x e r te d .  The c o n s is te n c y  of the  f l y  i s  n o t  un ifo rm  and p a r t s  
of the  f l y  vary  in  d e n s i ty  and m o lecu la r  c o n s t i t u t i o n .  In  a d d i t io n  m olecules 
may e x h i b i t  a n e t  charge , th e r e f o r e ,  one might ex p ec t  f o r c e s  t o  vary  on 
u n l ik e  charged molecules w i th in  the  organism.
H i l l  (1968) p ro v id e s  a t h e o r e t i c a l  approach to  the  p o s s ib le  mechanism
8
o f  the  i n t e r a c t i o n  o f  an e l e c t r o s t a t i c  f i e l d  and m acrom olecules. He 
sugges ts  t h a t  the  f i e l d  causes  p o la r i z a t io n  of th e  macromolecules and th a t  
i f  e f f e c t  i t  would be p o s s ib le  th a t  f i e l d  s t r e n g th s  on th e  o rd e r  of 10 kV/cm 
could  cause s e p a ra t io n  of DNA s t r a n d s  o r  cause p r o te in  cha in s  to  s h o r te n .  I f  
the  t h e o r e t i c a l  approach o f  H i l l  i s  v a l id  then one might expec t  g en e t ic  
phenomena to  be a f f e c t e d .  The e f f e c t  may be m an ifes ted  in  a change in  reg ­
u l a r  chromosomal movement, o r  p a i r i n g ,  o r  a change in  gene m uta tion  r a t e .
The purpose o f  th i s  s tudy  i s  to  a t tem p t to  determ ine such an e f f e c t .
Magnetic F ie ld s
Since the  l a t e  1800’ s th e re  have been many s c i e n t i f i c  p u b l ic a t io n s  
d e a l in g  w i th  p o s s ib le  b io l o g i c a l  e f f e c t s  of m agnetic f i e l d s .  The va lue  of 
some work i s  q u e s t io n e d ,  however, because improper e x p e r im en ta l  techniques 
were used to  i d e n t i f y  some g e n e t ic  phenomena, e x p e c ia l ly  in  D ro so p h ila .
In  some s tu d ie s  com plete ly  o p p o s i te  r e s u l t s  have been r e p o r te d  when what 
appears  to  be alm ost i d e n t i c a l  techn ique  had been used . To say t h a t  r e ­
p o r te d  b io l o g i c a l  e f f e c t s  due to  magnetic f i e l d s  a r e  n o t  uniform would be a 
s l i g h t  unders ta tem en t bu t  t h i s  would n o t  overshadow a good q u a n t i ty  of e v i ­
dence which very much in d i c a t e s  th a t  b io lo g ic a l  e f f e c t s  of magnetic f i e ld s  
do e x i s t  and th a t  in  some a sp e c ts  the  e f f e c t s  do show a degree of c o n s i s t ­
ency .
A m agnetic  f i e l d  i s  a  reg io n  around a c u r r e n t  c a r ry in g  conductor.
The u n i t  o f  magnetic f i e l d  in d u c t io n  p re s e n t ly  b e in g  used i s  th e  t e s l a  (T ) .
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One t e s l a  i s  e q u a l  to  one w eber/m eter . Other u n i t s  o f  magnetism which have 
been used a re  th e  o e r s te d  (Oe) which e x e r t s  upon a u n i t  po le  a fo rce  of 1 
dyne and th e  gauss (G) which i s  s p e c i f i c a l l y  a u n i t  of magnetic indu c tio n
( th e  number o f  l i n e s  o f  fo rc e  per  u n i t  a r e a ) .  One t e s l a  i s  equal to  10^ 
gauss. One o e r s te d  i s  equal to one gauss when th e  m a te r ia l  in  the f i e l d  
i s  i n  a  vacuum s in c e  th e  f i e l d  in d u c tio n  i s  equal to  the p e rm e a b i l i ty  of 
the m a te r ia l  between th e  p o le s  times the  f i e l d  s t r e n g t h .  The p e rm e ab il i ty  
of a i r  a t  20°C i s  eq u a l  to  1.000024 so 1 Oe i s  approx im ate ly  equa l to 1 G.
B io lo g ic a l  e f f e c t s  in  homogeneous and inhomogeneous f i e l d s  have 
been r e p o r te d ,  the  e f f e c t s  n o t  always being  the same, so i t  w i l l  be nec­
e ssa ry  to  d i s t i n g u i s h  between the two types  of f i e l d s  as f a r  a s  biomagnetism 
i s  concerned. The s p e c i f i c  type of f i e l d s  used by th e  r e s e a rc h e rs  whose 
papers  a re  inc luded  in  the fo llow ing  l i t e r a t u r e  su rvey  i s  mentioned here 
u n le ss  i t  was n o t  n o ted  in  th e  r e p o r t  d iscussed .
Bam othy (1964a) o f f e r s  the most d e ta i le d  in fo rm a tio n  on biomagnetism. 
He s t a t e s ,  "The inhomogeneity of a magnetic f i e l d  i s  u s u a l ly  c h a ra c te r iz e d  
e i t h e r  by th e  g ra d ie n t  or by the r e l a t i v e  v a r ia t io n  of th e  f i e l d  s t r e n g th  
over the  volume i n  which the specimen i s  co n f in e d ."  The b a s ic  p h y s ic a l  d i f f ­
erence between the  two f i e l d s  i s  th a t  an inhomogeneous f i e l d  e x e r t s  a fo rce  
upon su b s tan ces  which a re  more param agnetic or d iam agnetic  th a n  th e i r  s u r ­
roundings, w hile  a homogeneous magnetic f i e l d  does n o t  e x e r t  such a  fo rc e .
In  an inhomogeneous magnetic f i e l d  m a te r ia ls  experience  a fo rc e  toward the  
weaker a r e a s  o f  the f i e l d  whereas paramagnetic m a te r ia l s  a r e  urged toward 
s t ro n g e r  a re a s  of th e  f i e l d .
Bam othy sugges ts  v a r io u s  p h y s ic a l  phenomena which may occur in  
b io lo g ic a l  m a te r ia l  exposed to  magnetic f i e l d s .  These a r e :  (a) the  gener­
a t i o n  of e le c tro m o tiv e  fo rce  in  moving conductors ,  (b) fo rce  ex e r te d  upon 
moving charge c a r r i e r s ,  (c) to rque  ex e r te d  on permanent m agnetic  d ip o les  
and n o n - s p h e r ic a l  p a ra -  or d iam agnetic m a te r ia ls  and (d) fo rc e  ex e r te d  on
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permanent magnetic d ip o le s  or p a r a -  and diam agnetic  s u b s ta n c e s .  F ac to rs  
( a ) ,  (b) and (c) w i l l  occur in  homogeneous and inhomogeneous f i e l d s  bu t 
f a c t o r  (d) w i l l  only  occur in  inhomogeneous f i e l d s .  I t  may be noted, how­
e v e r ,  t h a t  to rque  i s  equa l  to  fo rc e  times moment arm, th e r e f o r e ,  phenomenon 
(c) and (d) a re  n o t  b a s i c a l l y  d i f f e r e n t .
In  a  homogeneous f i e l d  phenomenon (a) i s  s a id  to  le ad  to the r e ­
arrangem ent of e l e c t r i c  charges (c u r re n t )  and in  the  inhomogeneous f i e l d  
conduction  c u r r e n t s  would be produced which a re  a l s o  a s s o c ia t e d  with h e a t in g .
Phenomenon (b) i s  sugges ted  to change th e  motion o f  ions  in  e l e c t r o ­
ly t e s  which le ad s  to  an a g g reg a tio n  of su b s tan ces  which would be a t  v a r ia n c e  
to t h e i r  normal d i s t r i b u t i o n  w h ile  phenomenon (c)  i s  s a id  to  lead  to  changes 
in  b i o l o g i c a l  r e a c t io n s  of p a r a -  o r  d iam agnetic m a t e r i a l  o r  p a r t i c u l a t e  
m a te r i a l  such a s  e r y th r o c y te s .
Phenomenon (d) may lead  to  a d isp lacem ent o f  p a ra -  and diamagnetic 
m a te r i a l s  which could cause  an accum ulation of th e  su b s tan ce  th a t  might 
change d i f f u s io n  p ro c e s s e s  necessa ry  in  b i o l o g i c a l  m a t e r i a l .
The l i t e r a t u r e  seems to  provide evidence t h a t  some, b u t  no t  a l l ,  
b io l o g i c a l  m a te r i a l  i s  a f f e c t e d  by magnetic f i e l d s .  In  1929, Leusden, c i t e d  
by Bamothy (1964c), exposed co l ifo rm  and s ta p h y lo c o c c i  b a c t e r i a  to a  mag­
n e t i c  f i e l d  and found no e f f e c t  on growth o f  th e  organism s.
S h o r t ly  t h e r e a f t e r  Ssawostin (1930) found t h a t  exposing p l a n t s ,  w ith  
the  p la n t s  a x is  p e rp e n d ic u la r  to the  l i n e s  o f  f o r c e ,  to  what ap p a re n tly  was 
a homogeneous f i e l d  of 20 to  215 m ic r o - te s la  (ml) n o ta b ly  in c re a s e d  the  
growth r a t e  b u t  d id  n o t  a f f e c t  growth d i r e c t i o n .  He f u r t h e r  s t a t e d  t h a t  
th e re  was no d i s t i n c t  in c re a s e d  growth r a t e  when th e  l i n e s  o f  fo rce  were 
p a r a l l e l  to th e  a x is  o f  the  p l a n t s .  A r e p o r t  appeared  th a t  same year by
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Spraque (1930) in  which i t  was in d ic a te d  th a t  g r e a t e r  v a r ie g a t io n ,  an 
in c rease  i n  the  number o f  mosaics and the production  of t r a n s lo c a t io n s
r e s u l t e d  from exposure of maize p o l le n  to  a magnetic f i e l d .  Nothing was
s a id  o f  th e  f i e l d  s t r e n g th  o r  homogeneity.
Sometime l a t e r  Jennison  (1937) exposed v a r io u s  s p e c ie s  of b a c t e r i a ,
y e a s ts  and molds grown on s o l id  medium to a homogeneous magnetic f i e l d  of
0 .3  T and rep o r te d  no e f f e c t  on colony s i z e ,  s ta in in g  p r o p e r t i e s ,  spore 
fo rm ation , and pigment p roduc tion .
The fo llow ing  year Kimball (1938) rep o r te d  no growth e f f e c t  in  y e a s t  
su b jec ted  to  homogeneous f i e l d s  of 1.1 T but she did r e p o r t  s i g n i f i c a n t  
decreases  in  the  growth ra te  of y eas t  c u l tu r e s  su b jec ted  to  weak inhomo­
geneous f i e l d s  of 0 .4  ml or l e s s .
Lenzi (1940), c i te d  by Becker (1962), pub lished  a leng thy  paper in
which i t  was rep o r te d  th a t  f i e l d s  of 150-170 ml g r e a t ly  reduced the number
of tumor growths when adenocarcinoma was in j e c te d  in t o  mice and then sub­
je c te d  to th e  f i e l d .  A fte r  th e  animals were removed from th e  f i e l d  delayed 
tumor development began a t  a normal r a t e  a t  s i t e s  where the growth had been 
in h ib i te d .  On the o th e r  hand i f  tumors were allowed to  develop before the 
animals were s u b jec ted  to the f i e l d  no decrease  in  growth was caused by 
the  magnetic f i e l d s .
Chevais and Manigault (1942) re p o r te d ly  had some success  in  pro­
ducing r e c e s s iv e  l e t h a l  m utations and m uta tions  a f f e c t in g  th e  wings in 
D rosophila which hatched from eggs su b jec ted  to  an inhomogeneous magnetic 
f i e l d  fo r  24 hours. They used a permanent magnet having a f i e l d  s t re n g th  
measured in  s e v e ra l  m i l l io n  cgs u n i t s  ( th e  s p e c i f i c  va lues  were not given) 
a t  the s t r o n g e s t  reg io n  of the pole  gap.
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Close and B e isch e r  (1962) a lso  a t tem pted  to  determ ine g e n e t ic  
e f f e c t s  in  D rosoph ila  s u b je c te d  to  a magnetic f i e l d .  In  t h e i r  study  w ild  
type males were s u b je c te d  to  a 10 T homogeneous m agnetic f i e l d  fo r  30 
m inu tes .  Three days l a t e r  the males were mated to  ye llow -M uller-5  fem ales .  
The purpose o f  t h i s  m ating  was to d e te c t  r e c e s s iv e  m u ta tions  a t  the yellow  
locus of the X chromosome. Tliey found 1 yellow-body female among 250 
females from th e  m atings w hile  no yellow-body females were found from 
n o n - t r e a te d  w ild  type males mated to yellow -M ullerS  fem a le s . In  the  same 
study  no s i g n i f i c a n t  d i f f e r e n c e  in  the s e x - r a t i o  o f  Fj progeny of th e  c ro s s  
j u s t  d esc r ib ed  or o f  a c ro s s  of males and females exposed to  a  homogeneous 
f i e l d  o f  10 T f o r  2 hours  was found.
A f u r th e r  s tu d y  by Beischer (1964) r e p o r t s  no e f f e c t  on p os t-exposu re  
development, p e r  cen t  h a tc h in g ,  o r  s e x - r a t i o  in  D rosophila  s u b je c te d  as eggs, 
la rv a e ,  pupae and a d u l t s  to  a 14 T homogeneous f i e l d .  S teen  and O ftedal 
(1967) r e p o r te d  no e f f e c t  on egg hatch  when s u b je c t in g  m elanogaster 
eggs to  a homogeneous f i e l d  of 160 and 500 mT. Ifh ile  f i e l d  s t r e n g th  i s  
very much le s s  than t h a t  used by Close and B e ischer  t h i s  would tend to g ive 
support  to  the s tudy  by B eischer (1964).
Mulay and Mulay (1961, 1964) exposed D rosophila  to ,  p robab ly ,  i n -  
homogeneous f i e l d s  of 0.01 to 0 .8  T fo r  1-3 g e n e ra t io n s .  F l i e s  were checked 
fo r  autosomal and s e x - l in k e d  re c e s s iv e  and r e c e s s iv e  l e t h a l  m u ta tions  and 
fo r  dominant l e t h a l s .  None of any type were found bu t  i t  was n o t  mentioned 
how many chromosomes were t e s t e d .  They s t a t e d  t h a t  v i s i b l e  m orphological 
ab n o rm a li t ie s  o f  the wings and eyes did occur in  the f i e l d .  I  b e l ie v e  the  
v a r i a t i o n s  no ted  may j u s t  be normal v a r i a t i o n s  found in  c u l tu r e s  due to  
environm enta l c o n d i t io n s .  In the  same s tu d ie s  i t  was reco rded  th a t  magnets
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o f  the f i e l d  s t r e n g t h  ranges p rev io u s ly  mentioned caused d eg en e ra t io n  of 
Sarcoma-37 mouse tumor c e l l s .  A s im i la r  s tudy on KB c e l l s  i n  v i t r o  by 
B u t le r  and Dean (1964) showed in h ib i t e d  growth o f  the  c e l l s  when exposed 
to  a  0 .4  T homogeneous f i e l d .
In  R uss ia  in  1965, Kogen, c i t e d  by Presman (1970), r e p o r te d  th a t  
D rosoph ila  w i l l  c o l l e c t  a t  th e  po les  o f  a magnet and t h a t  females w i l l  thus  
d e p o s i t  more eggs n ea r  th e  p o le s  a s  compared to  the  space between the p o le s .  
T h is  would be expec ted  i f ,  in  f a c t ,  the  f l i e s  do c o l l e c t  n e a r  the  p o le s .  
U n fo r tu n a te ly  the  s t r e n g th  of the magnetic f i e l d  was n o t  n o te d .
Based on two g e n e ra t io n s ,  Akhmerov, e t .  a t . ,  (1966), c i t e d  in 
Presman (1970), r e p o r ts  i n h e r i t a b l e  changes induced in  D rosoph ila  a d u l ts  
exposed to m agnetic  f i e l d s  o f  75-110 mT. Treatment r e s u l t e d  in  36% i n ­
c re a s e  in  the  number of pupae and a d u l t  progeny. Also i n  1966, Shakhbazov, 
e t .  a l . ,  a l s o  c i t e d  in  Presman (1970), re p o r te d  an in c re a s e  in  fe cu n d i ty  
in  D rosophila  fem ales and males mated a f t e r  being  exposed to m agnetic f i e l d s  
o f  190 mT. No in c re a s e  in  fecu n d i ty  was noted  when exposed fem ales  were 
mated to  non-exposed males o r  when exposed males were mated to  non-exposed 
fem a les .  Length o f  trea tm e n t  time was n o t  s t a t e d .
Levengood (1967) s u b je c te d  in d iv id u a l  2» m e lanogas te r  pupae to  a 
m agnetic  probe which had a f i e l d  s t r e n g th  o f  approx im ate ly  2 .4  T. The f i e l d  
was probably  q u i t e  inhomogeneous because o f  th e  ap p a ra tu s  used . A c o n ic a l  
shaped probe from which the  f i e l d  was em itted  was p la ced  c lo se  to  the reg io n  
of the developing gonads o f  the  pupae. Levengood r e p o r t s  an in c re a s e d  
g e n e ra t io n  time which he s a id  la s t e d  more than 30 g e n e ra t io n s .  He su g g es ts  
th e  f a c to r  caus ing  the in c re a s e  invo lves  an e p ig e n e t ic  system  t r a n s m i t t e d
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cy to p la sm ica l ly  by th e  male f l i e s  but almost always no t  by ( t r e a te d )  
female f l i e s .  This  e x p la n a t io n  seems suspec t  because cy top lasm ic  i n ­
h e r i t a n c e  p r im a r i ly  o ccu rs  through the female and no t through the  male 
p a re n t .
Tegenkamp (1969) a l s o  r e p o r t s  some q u e s t io n a b le  i n t e r p r e t a t i o n s  of 
d a ta  from a  s tudy  of magnetic e f f e c t s  on D ro so p h i la . He r e p o r t s  a mutant 
causing  w ith e re d  wing in  D rosophila  progeny from p a ren ts  su b je c te d  to  a 
f i e l d  of 52 mT. He sugges ts  t h i s  i s  an autosom al m utant, however, he could  
n o t  produce a s to c k  of the  m utan t. A f te r  r e p o r t in g  a 3:1 r a t i o  of w ild  type 
to  mutant (w ithered  wing) f l i e s  in  the g en e ra t io n  no mutants were found 
in  the g e n e ra t io n .  I f  the mutant was an autosomal r e c e s s iv e  i t  would
have to have been produced in  both  a t r e a te d  male and a t r e a te d  female f o r
a s in g le  mutant f l y  to occur i n  the progeny o f  the  t r e a t e d  p a r e n t s .  He 
s t a t e s  t h a t  th e re  were e leven  mutant and 28 w ild  type progeny. One would
expec t by chance a lo n e  a mating of a mutant female and a mutant male among
the F2 m utants b u t  he s t a t e s  no mutants were found in  the F^. Likewise some 
of the w ild  type progeny would be expected to  be heterozygous fo r  the  m utant 
and mating between h e te ro z y g o te s  would a l s o  be expected  to  produce some 
mutant progeny in  the  F^. This was not noted  by Tegenkamp b u t  he re p o r te d  
th a t  the mutant reap p e a rs  in  l a t e r  g e n e ra t io n s .  He a l s o  re p o r te d  s i g n i f i ­
c a n t ly  g r e a t e r  numbers of female progeny from female f l i e s  w ith  the w ith e re d  
wing mutant. He suggested  th a t  the i r r e g u l a r  s e x - r a t i o  i s  due to  a sex-1  
lin k ed  r e c e s s iv e  l e t h a l  m u ta tio n .  He in d ic a te d  th a t  the  s ta n d a rd  M ulle r-5  
t e s t  for s e x - l in k e d  r e c e s s iv e  l e t h a l  m uta tions  i s  no t s u i t a b l e  to  d e te c t  
the  m utation  re p o r te d  in  h is  d a ta  fo r  he suggested  t h a t  s e v e ra l  DNA r e p l i ­
c a t io n s  a re  n ece ssa ry  fo r  the mutant to exp ress  i t s e l f  in  th e  X chromosome.
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This idea  would assume the  chromosome in  D rosophila  to be a m u l t is t r a n d e d  
DNA s t r u c t u r e  w ith  only 2 s t r a n d s  a c t iv e  a t  one time and n o t  always the 
same 2 s t ra n d s  in  the daugh te r  c e l l s .  There i s  no evidence to  support 
t h i s  id e a .  He a l s o  r e p o r t s  a mutant caus ing  convergent bands in  the  d o rsa l  
abdominal segment. This p a t t e r n  occurs  in  a number of m utants  as w e ll  as 
s p o r a d ic a l ly  i n  w ild type s to c k s  and i s  in f lu en ced  by env ironm enta l f a c to r s .  
Most l i k e l y  the g en e t ic  b a s i s  f o r  a l l  of Tegenkamp's abnormal f l i e s  was 
a l re a d y  p re s e n t  in  h i s  s to c k s  b e fo re  he s t a r t e d  t r e a t i n g  them.
Magrou and M anigault (1946) us ing  inhomogeneous f i e l d s  i n  which the  
s t r e n g t h  was given as from 1 x 10^ to  22 x 10^ cgs u n i t s  a p p l ie d  to a s i t e  
on the  p la n t  Pelargonium zonale in f e c te d  w ith  Bacterium tu m e fa c ie n s , an 
organism which causes the  crown g a l l  tumor, found th a t  tumor development was 
a lm ost com pletely r e ta rd e d  in  the  h ig h e s t  f i e l d s  used and on ly  s l i g h t l y  r e ­
ta rd e d  a t  the low est f i e l d  s t r e n g t h .  They r e p o r t  a g re a t  d i s t i n c t i o n  between 
the  t r e a t e d  groups and th e  c o n t r o l s .
R esu l ts  ob ta ined  by G erencser ,  e t .  a l . ,  (1961) were, i n  p a r t ,  
s im i l a r  to  those of Magrou and M an igau lt .  Gerencser r e p o r te d  a  r e ta rd e d  
growth r a t e  of S e r r a t i a  marcescens and Staphylococcus aureus exposed to  an 
inhomogeneous magnetic f i e l d  of up to  1.6 T b u t  the  r e t a r d a t i o n  was then 
follow ed by a recovery o f  growth r a t e .  They suggested  t h a t  m utant s t r a i n s  
developed during  t rea tm en t which were r e s i s t a n t  to  the e f f e c t  o f  the f i e l d .  
Growth r a t e  would then show an in c re a s e  due to  the r e p l i c a t i o n  of r e s i s t a n t  
c e l l s .
Hedrick (1964) a l s o  showed a decreased  growth r a t e  in  aureus 
exposed to  a homogeneous f i e l d ,  b u t  no e f f e c t  was no ted  in  lu t e a  or 
_E. c o l i . He used a f i e l d  s t r e n g t h  o f  14 T which was c o n s ta n t  o r  in t e r r u p te d
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bu t only noted th e  e f f e c t  in  the c o n s tan t  f i e l d .  He a l s o  s u b je c te d  
aureus to  a 70 mT homogeneous f i e l d  in  a permanent magnet and found the 
c h a r a c t e r i s t i c  c l u s t e r in g  was no t seen bu t s in g le  i s o l a t e d  c e l l s  became 
e v id e n t .
A v a r i e ty  of papers  have been pub lished  concern ing  the  e f f e c t s  of 
magnetic f i e l d s  on p l a n t s .  Audus (1960) and Audus and Whish (1964) exposed 
growing roo t t i p s  to  inhomogeneous f i e l d s  of 0 .4 -0 .5  T and found the growth 
to curve in  the  d i r e c t io n  of the f i e l d .  S im ila r  r e s u l t s  have been ob ta ined  
by Krylov and Tarakanova (1960), c i t e d  in  Presmen (1970), and Krylov (1961). 
They found g r e a t e r  ro o t  and shoot t i p  growth when the same were po in ted  
toward the  e a r t h ' s  south pole  or tlie sou th  p o le  of a magnet.* Tliey a lso  
re p o r te d  th a t  sh o o ts  and ro o ts  of v a r io u s  p l a n t s ,  i f  p o in te d  toward the  
n o r th  p o le ,  would curve toward the  south  pole  during  growth. Along th i s  
same l in e  more ra p id  growth of shoots  and ro o ts  of v a r io u s  g ra s s  sp ec ie s  
exposed to  permanent magnets of approxim ate ly  0.13 T has been no ted  by Whish 
(1963) and M eric le  (1964).
Inc reased  c e l l u l a r  d iv is io n  was the e f f e c t  o f  magnetic f i e l d s  noted 
by Bam othy, e t .  a l . ,  (1956). They re p o r te d  le u k o c y to s is  in  mice a f t e r  ex­
posure to a s t a t i c  homogeneous magnetic f i e l d  of 0.42 T. However, E i s e le in ,  
e t .  a l . ,  (1961) r e p o r t  magnetic f i e l d  s t r e n g th s  of 0 .8 8 -1 .4  T have no e f f e c t  
on the white c e l l  count in  mice, growth r a t e  and a s c i t e s  tumor c e l l s  w hile  
Gross and Smith (1961) in d ic a te  a delay in  wound h e a l in g  in  mice i s  produced
The e a r t h ' s  "sou th"  pole i s  a c tu a l ly  comparable to  the  n o r th  po le  
of a magnet because a magnet w i l l  a l ig n  w ith  i t s  south  p o le  p o in te d  to  the 
"south" pole of the  e a r th .
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by a m agnetic f i e l d .  Gross (1962) r e p o r t s  t h a t  mice immunized a g a i n s t  
carc inom a c e l l s  a r e  more s u s c e p t ib le  to  i n j e c t e d  carcinoma c e l l s  when in  
a  m agnetic  f i e l d  of 0 .4  T.
Barnothy and Sumegi (1969) found an in c re a s e  in  m i to t i c  a c t i v i t y  of 
mouse l i v e r  c e l l s  exposed to  magnetic f i e l d s  o f  0.42 and 0 .9  T b u t  n o t  in  a 
m agnetic  f i e l d  o f  0.22 T. A study  by Pumper and Bamothy (1969) shows th a t  
a  s t ro n g  magnetic f i e l d  of 1 .4  T in c re a s e s  th e  growth r a t e  of r a b b i t  myo­
cardium and mouse lung f i b r o b l a s t s .
Somewhat co n tra ry  to  the s tu d ie s  j u s t  mentioned Cook, Pardon and 
N u tine  (1969) r e p o r t  th a t  r e s p i r a t i o n  in  m i t o t i c a l l y  a c t iv e  tumor c e l l s ,  
embryo and young n e o n a ta l  t i s s u e s  was reduced when exposed to magnetic 
f i e l d s  o f  8 mT o r  g r e a te r  b u t  r e s p i r a t i o n  in  a d u l t  and old n e o n a ta l  t i s s u e  
was n o t  reduced. Yeast c e l l s ,  on the o th e r  hand, showed an in c re a s e  in
a e r o b ic  r e s p i r a t i o n  upon be ing  su b je c te d  to  the  f i e l d .
An i n t e r e s t i n g  experim ent by D 'Souza, e t .  a l . ,  (1959) has in d i c a te d  
t h a t  the exposure of a s c i t e s  Sarcoma-37 c e l l s  to  a 0.73 T magnetic f i e l d  f o r  
1 -3  hour p e r io d s  i n h i b i t s  DNA s y n th e s is  about 18 to  24%. Whether o r  n o t  the  
c e l l s  showed a l a s t i n g  i n h i b i t i o n  of DNA s y n th e s i s  was no t s t a t e d .
Many s tu d ie s  showing a p o s i t i v e  b i o l o g i c a l  e f f e c t  by m agnetic  f i e l d s  
a r e  convincing b u t  the r e s u l t s  a r e  no t  always uniform . A number o f  th e
e f f e c t s  of magnetic f i e l d s  a r e  to  cause c e l l  p r o l i f e r a t i o n ,  gene m u ta tio n ,
m osaics in  p l a n t s ,  and chromosomal t r a n s l o c a t i o n ,  to  in c re a s e  the  l i f e  
span in  mice (Barnothy, 1964b), to  in c re a s e  fe c u n d i ty  in  D rosoph ila  females 
b u t  to  d ecrease  b a c t e r i a l  c e l l  growth and i n h i b i t  DNA s y n th e s is  in  tumor c e l l s ,
What e x a c t ly  causes the  s p e c i f i c  e f f e c t s  o f  magnetic f i e l d s  on 
b i o l o g i c a l  m a te r i a l  s t i l l  seems to  be n o t  c l e a r .  Dorfman (1962), c i t e d  in
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Presman (1970), o f f e r e d  an h y p o th e s is  t h a t  macromolecules, which a re  u su a lly  
d iam agnetic ,  could  e x h i b i t  o r i e n t a t i o n  in  a magnetic f i e l d .  I f  t ru e  one 
cou ld  i n f e r  from t h i s  t h a t  i t  could  be p o s s ib le  fo r  DNA m olecules and, 
t h e r e f o r e ,  chromosomes to  be o r i e n t e d  w ith in  the  c e l l  i n  a f a s h io n  which 
would be abnormal f o r  th e  c e l l .  T h is  has the p o s s i b i l i t y  then  of producing 
d i s t i n c t  g e n e t ic  changes.
Of s p e c ia l  i n t e r e s t  in  t h i s  s tudy i s  the e f f e c t  of m agnetic  f i e l d s  
on chromosomes o r  g e n e t ic  m a te r i a l .  Barnothy (1964d) has p re s e n te d  s e v e ra l  
p o s s ib le  ways in  which magnetic f i e l d s  could a l t e r  th e  DNA m olecu le .  She 
in d i c a te s  th a t  a  m agnetic  f i e l d  could  a f f e c t  the sp in  o r i e n t a t i o n  of the  
hydrogen pro ton  invo lved  in  the hydrogen bond of the DNA m olecu les; t h a t  
the  p ro ton  endowed w ith  a  m agnetic moment could , in  an inhomogeneous f i e l d ,  
ex p er ien ce  an a c c e l e r a t i n g  fo rce  which could a f f e c t  m olecu la r  p a i r i n g  o r ,  
more l i k e l y ,  th e  m agnetic  f i e l d  could  a l t e r  th e  energy le v e l s  o f  the  
n u c le o t id e  bases  thus  a f f e c t i n g  the  s t a b i l i t y  of the DNA m olecule .
With th e se  p o s s i b l e  e f f e c t s  in  mind the purpose of t h i s  s tu d y  was 
to  de term ine the  e f f e c t s  o f  m agnetic  f i e l d s  on c ro s s in g  over and gene 
m u ta tion  in  D̂. m e la n o g a s te r . I t  was thought th a t  the magnetic f i e l d  may 
e x e r t  a  fo rce  on th e  chromosomes ( i f  they e x h ib i t  a n e t  charge) during  
m e io s is  and, i f  so ,  the  e f f e c t  m ight be no ted  by a change in  th e  recombin­
a t io n  frequency . I t  was a l s o  thought t h a t  i f  the DNA molecule was a f f e c t e d  
by the  magnetic f i e l d  the  e f f e c t  might be m anifested  in  s e x - l in k e d  r e c e s s iv e  
l e t h a l  m u ta tio n s .
Because a l l  organism s a re  c o n t in u a l ly  being su b je c te d  to  more and 
more power sources  which produce e l e c t r i c  and magnetic f i e l d s  o f  vary ing  
i n t e n s i t i e s  i t  i s  hoped t h a t  t h i s  s tudy  w i l l  c o n t r ib u te  to our knowledge
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and u nders tand ing  o f  the e f f e c t s  of these f i e l d s  on h e r e d i ta r y  m a te r ia l .
A b r i e f  summary of some o f the  e f f e c t s  o f  e l e c t r o s t a t i c  and 
m agnetic  f i e l d s  on organisms or b i o l o g ic a l  m a te r ia l  i s  shown in  Table 1.
Table 1
EFFECTS OF ELECTROSTATIC AND ELECTROMAGNETIC FIELDS 
ON BIOLOGICAL SYSTEMS
F ie ld I n t e n s i t y
Organism
or
B io lo g ica l
M a te r ia l E f f e c t Re fe rence
1.14 X 10^ Hz














M orphological Hersh & 1930
anom alies K arre r
N egative
Chromosome 
b re a k s ,  f r a g ­
m e n ta tio n ,  
lag g in g  & 
t r a n s l o c a t i o n
N egative
Schm itt & 1933
O liv e r
Kraievoi 1936
B i t t e r n 1936
D rosophila  No m u ta tio n s  H orlacher 1930
27 MHz G a rl ic  
ro o t  t ip s
C hrom osom al
a b e r r a t io n s
H e l le r  &





2 .05  & Tobacco
5 .07  kV/cm seeds
Milk
microbes
G enetic  &
m orpholog ical
changes







TABLE 1— C o n t i n u e d
F ie ld I n t e n s i ty
Organism
or
B io lo g ic a l





S t a t i c
homogeneous
S t a t i c
homogeneous
S t a t i c
homogeneous












c e l l s
Microbes
Microbes 
& c e l l s
Grass
p la n ts
3-5 kV/cm Seeds
Bacte
2.0-215 ml P lan ts
— Mai ze
po llen
0 .3  T Microbes
1.1 T Yeast
0 .4  mT Yeast
150-170 mT Tumor 
c e l l s
L e th a l
In a c t iv a t io n
B a c te r ic id a l
Growth
in h i b i t i o n
In c rease  in  
enzyme a c t i v ­
i t y
D rosophila  Negative
N egative
Inc reased  
growth r a te




r a t e  e f f e c t
Decreased 








& S a le
Murr & 
Murr
M ih a ly f i  
& S e r f
Avio & 










Ssaw ostin  1930
Sprague 1938






D rosophila  M utations C hevais & 1942
M anigau lt
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TABLE 1— C o n t i n u e d
F ie ld I n t e n s i t y
Organism
or
B io log ica l
M ateria l E f fe c t Reference
Homogeneous 10 T D rosophila Negative Close & 
B eischer
1962
Homogeneous 14 T Drosophila Negative B eischer 1964




N egative Steen & 
O ftedal
1967
Homogeneous 0.42 T White Blood 
c e l l s  (mice)
Leukocytosis Bamothy 1956
--- 0 .8 8 -1 .4  T Negative E is e le in 1961
Mice c e l l s Delayed 





0 .4  T Mice More su scep -  
ta b le  to 
tumor
Gross 1962
--- 0.42 & 
0 .9  I
Mouse
l i v e r  c e l l s
In c reased  




--- 1.4 I C e l ls In creased




0 .73  T Tumor c e l l s I n h ib i t io n  
of DNA 
s y n th e s is
D'Souza 1969
— - Mice In creased  
l i f e  span
Bamothy 1964
CHAPTER I I
GENERAL METHODS AND MATERIALS
D rosoph ila  m e lanogas te r  s to ck s  were m ain ta ined  in  the la b o ra to ry  
in  h a l f - p i n t  b o t t l e s  on agar,  com m eal, m olasses,  and B rew er 's  y e a s t  
medium. Hie medium, used in  a l l  c ro s s e s ,  c o n s i s t s  o f  87 oz (Vol.) 
w a te r ,  15 gm a g a r ,  3 t s p .  methylparaben (Heyden) mold i n h i b i t o r ,  42 gm 
B rew er 's  y e a s t  ( N u t r i t i o n a l  Biochemicals C o rp .) ,  6 oz (V ol.)  molasses and 
12 oz (V ol.)  corn meal. A ll  ex perim en ta l  and c o n t ro l  c ro s s e s  were made 
in  o n e -h a l f  o r  o n e -q u a r te r  p in t  b o t t l e s ,  or in  8 dram s h e l l  v i a l s  as  
in d i c a te d .  A l l  c o n t ro l  and experim en ta l f l i e s  were in c u b a ted  a f t e r  t r e a t ­
ment a t  25 ± 1°C excep t where in d ic a te d .
In  a l l  n o n d is ju n c t io n  and cross  over experim ents  p a re n t  f l i e s  
were t r a n s f e r r e d  to f re s h  medium every 2 days o r ,  r a r e l y ,  every 3 days 
fo r  a t o t a l  o f  th re e  t im es .  ITie th re e  t r a n s f e r s  were la b e le d  as a ,  b ,  and 
c. The p a re n ts  in  the  o r ig i n a l  c ro ss  c o n ta in e rs  were exposed to th e  
experim en ta l  f i e l d  f o r  1 o r  2 days as in d ic a te d  as a p r e - t r e a tm e n t .  Eggs 
d ep o s ited  by the female were s u b je c te d  to the  f i e l d  a  maximum of one day 
and la rv a e  a maximum of 2 days du ring  t h e i r  i n i t i a l  development. The 
o r i g i n a l  c ro ss  progeny were no t inc luded  in  the da ta  because the  gametes 
had no t been s u b je c te d  to the experim en ta l f i e l d  d u ring  t h e i r  e n t i r e  m eio tic  
development. A l l  progeny e c lo s in g  from each t r a n s f e r  f o r  a pe r iod  of 18 
days a f t e r  the  p a re n ts  were p laced  in  the c o n ta in e rs  were c l a s s i f i e d  and
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counted. P a ren t  f l i e s  were s u b je c te d  to the experim enta l f i e l d  7-9 days 
excep t where in d ic a te d .
In  a l l  n o n d is ju n c t io n  and c ro ss  over experim ents where c ro sse s  
were made in  b o t t l e s ,  dry B aker 's  y e a s t  was s p r in k le d  on the  medium and 
a p ie ce  o f  mold i n h i b i t o r  t r e a te d  paper tow eling  was p laced  dovm in to  the 
medium. Dry B a k e r 's  y e a s t  was added to a l l  v i a l s  excep t where in d ic a te d .
The c o n t ro l  groups were t r e a t e d  the same as the ex p er im en ta l  
groups excep t fo r  no t  being  s u b je c te d  to  th e  experim en ta l f i e l d s .  Any 
ex c e p tio n s  a re  no ted .  The c o n t ro l s  were p la ced  1.06 to  1.21 m eters  from 
the  ex p er im en ta l  a p p a ra tu s .
CHAPTER I I I  
NONDISJUNCTION OF T ill: SEX CHROMOSOMES 
METHODS AND MATERIALS
In  a l l  experim ents  invo lv ing  primary n o n d is ju n c t io n ,  yw^/yw^ 
v i r g i n  fem ales were mated to ^/sc^Y.y"*" m.iles. Tiie yellow  gene (y; 1-1 .5) 
causes a yellow  body c o lo r  and the  w h i t e - a p r i c o t  gene (w^; 1-1.5) causes 
a p r i c o t  co lo red  eyes in  m elanogaste r .  The s c ^ .y '* ’ chromosome i s  a 
m odified  Y chromosome th a t  c a r r i e s  the y"*" a l l e l e  on the  d i s t a l  t i p  of i t s  
s h o r t  arm. This s p e c i f i c  chromosome in  the males allows one to  d e t e c t  an 
XXY female in  th e  s to ck  c u l tu re s  of yw^Vyw^ females mated to  yw^/sc^Y.y^ 
m ales. T h e re fo re ,  i t  i s  p o s s ib le  to s e l e c t  only  XX females fo r  c ro s s in g .  
An XXY fem ale would produce a h ig h e r  frequency o f  e x c e p t io n a l  progeny due 
to  secondary  n o n d is ju n c t io n  as compared with prim ary n o n d is ju n c t io n  in  
XX females (B ridges ,  1916).
The p a re n t  s to ck s  were made co - iso g e n ic  fo r  chromosomes I I  and I I I  
by the fo llo w in g  mating p rocedure . V irg in  yw^/yw^ females were c o l l e c t e d  
from a s to c k  c a r r i e d  a t  the  U n iv e rs i ty  of Oklahoma and mated to  Cy/Pm;
D/Sb m ales .  The dominant mutant genes Curly (Gy) and Plum (Pm) a r e  on 
homologous second chromosomes. The gene causes  cu r ly  wings and i s  
a s s o c ia te d  w ith  an in v e rs io n  In(2L)Cy. The Pm gene causes  deep red  eyes 
and i s  a s s o c ia te d  w ith  the  in v e rs io n  In(2LR)bw^^. The dominant mutant 
genes D ichaete  (^) and Stubble (Sb) a r e  lo ca ted  on homologous t h i r d  chrom-
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osomes. The D gene causes the  v in g s  to  be extended from the  body a x is  and 
i s  a s s o c ia te d  with th e  in v e rs io n  In(eLR)DcxF. The Sb gene causes s h o r t ,  
heavy b r i s t l e s .  Each of these  four genes i s  l e t h a l  in  the  homozygous con­
d i t i o n .  The F2 yw^/-H-; Cy/+; D/+ fem ales were in d iv id u a l ly  back-c rossed  
to  Cy/Pm; D/Sb males. F2 yw^/Y ; Cy/Pm; D/Sb males were mated to  s in g le  
F2 yw^/++; Cy/+; D/+ fem ales. F^ yw^/yw^; Cy/Pm; D/Sb females were mated 
to  t h e i r  yw^/Y; Cy/Pm; D/Sb b ro th e r s  to  produce a s to ck .  From the c ross  
of an F2 yw^/++; C^/+; D/+ female to  an Fg yw^/Y; Cy/Pm; D/Sb m ale, F^ 
yw^/+; Cy/+; D/+ females were mated to  t h e i r  F3 yw^/Y; Cy/+; D/+ b ro th e r s  
by in d iv id u a l  c ro s s e s .  From t h i s  c ro s s  an iso g e n ic  s tock  of yw^/yw^;
+ /+ ; + /+  females and yw^/Y; + /+ ; + /+  males was o b ta in e d .
To o b ta in  the  s tock of X y^/sc^Y.y"*" d’cf, Cy/Pm; D/Sb females
8 +were mated to  y / s c  Y.y males. F^ y_/+; Cy/-f; D/+ females were c o l le c te d ,
F2 jVsc^Y.y^^ Cy^/+; D /+ m ales  were in d iv id u a l ly  b ack -c rossed  to  Cy/Pm;
8 +D/Sb fem ales .  From th e  backcross  progeny + /sc  Y.y ; Cy/Pm; D/Sb males 
were in d iv id u a l ly  mated to  the  Fj X./+; Cy/+; D/+ fem ales . F3 y^/sc^Y.y^;
Q  .
Cy/Pm; D/Sb and + /sc  Y.y ; Cy/Pm; D/Sb males were s e le c te d .  Both of these  
males would be wild type in  body c o lo r .  F3 Cy/Pm; D/Sb females were a lso  
c o l l e c t e d .  One-half of these  fem ales would be expected to  be he terozygous 
f o r  th e  Y. a l l e l e  and o n e -h a lf  would be expected to be homozygous w ild  type 
f o r  body c o lo r .  The F3 males and fem ales were in d iv id u a l ly  mated in  v i a l s .  
The m ales were removed a f t e r  f iv e  days and kep t in  in d iv id u a l ly  la b e led  
v i a l s .  The females were t r a n s f e r r e d  to  f re sh  v i a l s  a f t e r  6 days, kep t in  
th e  t r a n s f e r  v i a l  f o r  6 days and then  d isca rd e d .  Those v i a l s  which produced 
^4 z /y . ' Cy/Fm; D/Sb females were s e le c te d  and the  r e s t  d isca rd e d .  The F^ 
Cy/Fm; D/Sb females were b ack -c ro ssed  to  t h e i r  f a th e r s  fo r  t h e i r
2f)
8fa t l ie rs  would have been ^ / s c  Y.y ; Cy/Pm; jD/liil- .stock from t h i s  c ro ss  
was made and m ain ta ined .
A yw^/yv^; Cy/ Pm; D/Sb female was mated to a yw^/Y; i so g e n ic  male, 
yw^/yw^; Cy/+; D/+ females were in d iv id u a l ly  mated to  ^ /sc^.y"*"; Cy/Pm; 
D/Sb m ales . The F2 y / y+; Cy/+; D/+ females were in d iv id u a l ly  mated to 
t h e i r  y w ^ / s c ^ .y ^ ;  Cy/+; D/+ b r o th e r s .  yw^/yw^; + /+ ; +/+ females were 
mated in d iv id u a l ly  to  t h e i r  y w ^ / s c ^ .y ^ ;  + /+ ; +/+ b r o th e r s .  A s to c k  of 
ye llow , w h i te -a p r ic o t  females and non-yellow , a p r ic o t  males was o b ta in ed  
from t h i s  c ro s s .
F^ yw^/y+ females were a l s o  in d iv id u a l ly  mated to t h e i r  ^ / s c ^ .y '* ’
b r o th e r s .  O ne-half of the F^ female progeny from t h i s  cross would be
expected  to  be yw^/y+ and o n e -h a l f  would be expected to  be a l s o  one-
h a l f  o f  the male progeny would be ex pec ted  to be yw^/sc^.y~*~ and o n e -h a lf
would be expected  to be ^/sc^T.y"*". Both types of fem ales would be yellow .
8 “f"A number of th e se  females were in d iv id u a l ly  mated to  t h e i r  y / s c  Y.y
b r o th e r s .  A f te r  f iv e  days the fem ales were t r a n s f e r r e d  to  f r e s h  medium.
The v i a l s  which produced only yellow fem ales and non-yellow , n o n -a p r ic o t
8 +
males were s e le c te d  and the o th e rs  d is c a rd e d .  A s to c k  of X y / s c  Y.y
males was made from one of these v i a l s .
The mating p rocedure  o u t l in e d  above produced co - iso g en ic  s tocks  
of yw^/yw^ ÇÇ X yw^/sc^Y.y~*~ cTc? and y_ly_ gg X ^ / s c ^ . y ^  cTcf. From th ese  
s to c k s  yw^/yw^ females and y/sc^Y .y^  males were c o l le c t e d  to be used as 
p a re n ts  from which n o n d is ju n c t io n  in  the female and male p a re n ts  could be 
fo llow ed.
Larvae from the n o n d is ju n c t io n  p a re n t  s tocks  were c o l le c t e d  and 
s e v e r a l  s a l i v a r y  gland chromosome smears were made p e r io d i c a l ly  t o  determ ine
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i f  any o f  the autosomes or X chromosomes c a r r i e d  in v e rs io n s  which would 
in c re a s e  the  X chromosome n o n d is ju n c t io n  r a t e .  None were i d e n t i f i e d .  In 
a d d i t io n  s tocks  from which the  female p a re n ts  fo r  th e  prim ary  n o n d is ju n c t io n  
s tudy  were c o l l e c t e d  were watched c lo s e ly  fo r  the  p ro d u c tio n  of XXY females 
which would be non-yellow and a p r i c o t  eyed. An excess  number o f  these 
e x c e p t io n a l  fem ales would in d ic a te  e i t h e r  the  p resence of an unmarked Y 
chromosome (o r  fragm ent) ,  o r  in v e rs io n  h e te ro z y g o s i ty ,  as in d ic a te d  above, 
bu t th e re  were no c u l tu re  b o t t l e s  which produced a consp icuously  la rg e  
number o f  such fem ales.
Experiment
S ing le  2-3  day old yw^/yw^ v i r g i n  fem ales were p laced  in  in d iv id u a l  
v i a l s  w i th  2-3 y^/sc^.y"*^ males aged 2-3 days. Males and females were 
l i g h t l y  e th e r iz e d  p r i o r  to  mating i n  a l l  c ro s s e s  in  the e n t i r e  s tu d y .  The 
v i a l s  were p laced  in  a 3 kV/cm, (-)  p o l a r i t y ,  homogeneous e l e c t r o s t a t i c  
f i e l d .  The p a re n ts  were p r e - t r e a t e d  fo r  one day and su b je c te d  to  th e  
f i e l d  f o r  a t o t a l  of 7-8 days.
In  th i s  experiment the c o n t ro l s  were n o t p laced  in  a c a p a c i to r  
l i k e  the t rea tm e n t group but were p laced  in  a m etal t r a y .  The c o t to n  p lugs  
were p la ced  w e ll  down in  the v i a l s  j u s t  as in  the t rea tm e n t v i a l s .  The 
c o n t ro l s  were under the same env ironm enta l c o n d i t io n s  as the trea tm en t group 
excep t f o r  no t b e in g  sub jec ted  to  th e  f i e l d  and the  immediate a rea  around 
i t .
Three s e p a ra te  e l e c t r i c  f i e l d  ap p ara tu ses  were used in  th i s  s tudy .  
The ap p a ra tu s  used to produce a 3 kV/cm homogeneous e l e c t r o s t a t i c  f i e l d  
c o n s is te d  of a h igh voltage D.C. so u rce ,  which opera ted  a t  30 kV when used .
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connected to  a c a p a c i to r  made of two aluminum p la te s  0 .317 cm th ic k ,
45.8 cm long and 22.9  cm liigii a r ran g ed  p a r a l l e l  to each o th e r  (F ig .  1 ). 
The c a p a c i to r  was housed in a w ire  cage to keep anyone from touching the 
c a p a c i to r  p l a t e s .  Tlie v ia l s  were p laced  between the aluminum p la te s  and 
arranged  in rows w ithou t touching the s id e s  of the  p l a t e s .  The f r e s h  
t r a n s f e r  v i a l  was placed in the same p o s i t io n  between the p la te s  as the 
o r ig i n a l  mating v i a l .
H (-)
T
10 cm D ire c t io n
of F ie ld
1
(+)
Fig. 1 .— Diagram of ap p ara tu s  used to  produce a 
3 .0  kV/cm homogeneous, e l e c t r o s t a t i c  f i e l d .
Cotton p lu g s ,  used to s to p p e r  the v i a l s ,  were p la c e d  w ell down 
in to  the  v ia l s  to  p rev en t the  c o t to n  s t r a n d s  from s h o r t in g  ac ro ss  the  
c a p a c i to r  p l a t e s .
Because of th e  high v o l ta g e  on the  c a p a c i to r  p l a t e s  o f  th e  3 kV/cm 
f i e l d  a q u a n t i ty  of ozone was su sp e c ted  of being  produced due to th e  break­
down of a i r .  To reduce the c o n c e n tra t io n  of ozone, i f  produced, an e l e c t r i c  
fan was p laced  nex t to  the c a p a c i to r  to a id  in  the c i r c u l a t i o n  o f  a i r  around
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the c a p a c i to r .  A c e n t ig ra d e  thermometer was placed down in to  one o f  the  
v i a l s  in  the  f i e l d  and a s  n e a r ly  as  could he measured the tem pera tu re  in  
the 3 kV/cm, homogeneous, or inhomopenccms, e l e c t r o s t a t i c  f i e l d  was 
24 ± 1°C. C on tro l p a r e n t s  were a t  the same tem perature .
Experiment _2
The same procedure  as in experiment 1 was used excep t th a t  the 
ex p e r im en ta l  f l i e s  were su b je c te d  to a 3 kV/cra, inhomogeneous, e l e c t r o ­
s t a t i c  f i e l d .
The ap p ara tu s  used to produce a 3 kV/cm inhomogeneous f i e l d  
u t i l i z e d  the  same D.C. v o l ta g e  source as used to produce the 3 kV/cm, 
homogeneous f i e l d .  The c a p a c i to r  was made o f  a s t r a i g h t  aluminum p l a t e  
a r ran g ed  p a r a l l e l  to  a c o r ru g a ted  copper p la te  (F ig .  2 ) .  V ia ls  were 
p laced  between the p l a t e s  w ith  no v i a l s  touching the c a p a c i to r  p l a t e s .
(-)
VhAA/VVS
13.2 cm ' i
i 10. cm
D ire c t io n  
o f  f i e l d
C +)
Fig. 2 . —Diagram o f appara tu s  used to produce a  3 .0  kV/cm 
inhomogeneous, e l e c t r o s t a t i c  f i e l d .
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Experiment _3
Four yv^ /yw^  females p e r  1/4 p in t  b o t t l e  were mated to  6-8 ^/sc^Y.y"^ 
males aged 2-6  days a t  th e  time of mating. Females of d i f f e r i n g  age groups 
were t e s t e d .  Uchida (1962) rep o r te d  th a t  r a d ia t io n  s i g n i f i c a n t l y  in c re a s e d  
the r a t e  of n o n d is ju n c t io n  in aged fem ales. I t  was thought t h a t  the  non­
d is ju n c t io n  r a t e  in  females exposed to  tlie e l e c t r o s t a t i c  f i e l d  may be age 
s e n s i t i v e .  Tlie experim enta l p a re n ts  were exposed to a 0 .3  kV/cm inhomogene­
ous e l e c t r o s t a t i c  f i e l d  fo r  a t o t a l  of 7-8 days.
F igu re  3 shows a diagram of the app ara tu s  used to t r e a t  f l i e s  w ith  
a 0.3 kV/cm o r  a 0.6  kV/cm inhomogeneous e l e c t r o s t a t i c  f i e l d .  The ap p a ra tu s  
c o n s is te d  of a c a p a c i to r  made o f  two aluminum p la te s  0.317 cm th i c k ,
39.7 cm long and 18.4 cm high, arranged  p a r a l l e l  to  one an o th e r .  The b o t ­
t l e s  o r  v i a l s  were arranged  in  a s in g le  row between th e  p la te s  and r e s t e d  
on wood o r  s ty ro foam  to  e le v a te  them. Each c o n ta in e r  was plugged w ith  a 
one-hole  rubber  s to p p e r .  A p iece  of 5 mm f l i n t  g la ss  tub ing  7-8 cm long 
was p la ced  th rough  the ho le .  A p iece  of 14 gauge copper w ire ,  18-19 cm 
long, was p la ced  through the g la s s  tubing and immersed in to  th e  medium.
There was a sm a l l  a i r  space between the w ire  and the g la ss  tube lumen. A 
s in g le  p iece  of 14 gauge copper w ire  was then  a t tach e d  by a l l i g a t o r  
c l ip s  a t  r i g h t  an g le s  t o  the w ire  emerging from the b o t t l e  or v i a l .  The 
s in g le  w ire was connected to the  ground te rm ina l  and th e  c a p a c i to r  p l a t e s  
were connected  to  th e  p o s i t iv e  te rm in a l .  H e re a f te r  t h i s  se tup  w i l l  be 
r e f e r r e d  to a s  a n eg a t iv e  (-) p o l a r i t y  f i e l d .  The d i r e c t io n  of th e  f i e l d  
was reve rsed  by connec ting  the s in g le  wire to  the  p o s i t i v e  te rm in a l  and 
the  c a p a c i to r  p l a t e s  to the ground te rm in a l .  H e re a f te r  t h i s  se tu p  w i l l  be 
r e f e r r e d  to a s  a p o s i t i v e  (+) p o l a r i t y  f i e l d .  Tlie power supply  was made
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Fly c o n ta in e r  
(Vial o r  B o t t le )
F ig .  3 .—Diagram of ap p a ra tu s  used to  produce a 0 .3  
or 0.6 kV/cm inhomogeneous, ( - )  or (+) p o l a r i t y ,  e l e c t r o s t a t i c  
f i e l d .
Rubber Stopper 
G lass Tubing 
V ia l or B o tt le  
Copper Wire
C u ltu re  Medium
F ig .  3 a .—Side view of f ly  c o n ta in e r  (v ia l  or b o t t l e )
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Experiment ^
Four yv^/yw^ fem ales, 3-4 days o ld  were mated in  1/4 p in t  b o t t l e s  
to 6-8 y / s c ^ .y '* ’ males 2-4 days old a t  time o f  m a ting . The experim en ta l 
p a re n ts  were su b je c te d  to a 0 .3  kV/cm inhomogeneous, (+) p o l a r i t y  e l e c t r o ­
s t a t i c  f i e l d  fo r  a t o t a l  of 7-8 days. The tem pera tu re  range in  the 0 .3  
kV/cm f i e l d  fo r  a l l  experim ents  was 24 ± 1°C.
RESULTS
Table 2 shows th e  genotypes and phenotypes of r e g u la r  and excep­
t i o n a l  progeny r e s u l t i n g  from primary n o n d is ju n c t io n  in  yw^/yw^ fem ales 
and y /sc^Y .y^  m ales. The yellow and y e l lo w -a p r ic o t  e x c e p t io n a l  males a r e  
expected  to be s t e r i l e  i f  the r e s u l t  of prim ary  n o n d is ju n c t io n  s in c e  they  
would have no Y chromosome. These e x c e p t io n a l  males were mated to  v i r g i n  
fem ales to  de term ine  i f  they were s t e r i l e  and i f  so were recorded  as  r e -
TABLE 2 .—Expected gametes and progeny in  primary 
n o n d is ju n c tio n  experim ent
\ m a l e re g u la r n o n d is ju n c t io n
female y sc&Y.y^ y/sc^Y .y^ 0




a p r i c o t  male
y w^/y/sc^Y .y^ 
w ild  type
female
y w^/0 
ye l low , 
a p r i c o t  male 
( s t e r i l e )
a , a y w /y w
non-
t r ip lo -X
(d ie s )
yw^/yw^/sc^Y. y"*" 
a p r i c o t  female
.......
t r i p lo - X
(d ie s )
a  / a y w /y  w
ye llow ,
a p r i c o t
female






( s t e r i l e )
...........  J
l e t h a l y / s c \ . y ^  
w ild  type male
l e t h a l
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s u i t i n g  from prim ary  n o n d is ju n c t io n .  A l l  e x c e p t io n a l  males were t e s t e d  fo r  
s t e r i l i t y  excep t those  which were damaged d u r in g  cou n tin g ,  o v e r -e th e r iz e d  
p r i o r  to  counting  o r  were l o s t  p r i o r  to  m ating.
Experiment _1
Table 3 shows the number o f  r e g u la r  and e x c e p t io n a l  progeny pro­
duced from yw^/yw^ females and ^y/sc^.y"*" males s u b je c te d  to  a 3 kV/cm homo­
geneous e l e c t r o s t a t i c  f i e l d .  A g r e a t e r  number of e x c e p t io n a l  progeny 
were produced from t r e a t e d  and c o n t ro l  female p a re n ts  as  compared to  the 
number o f  e x c e p t io n a l  progeny produced from the  corresponding  male p a r e n t s .  
A g r e a t e r  number o f  e x c e p t io n a l  yellow  males r e s u l t i n g  from prim ary  non­
d i s ju n c t io n  in  th e  yw^/yw^ fem ales and e x c e p t io n a l  y e l lo w -a p r ic o t  males 
r e s u l t i n g  from prim ary  n o n d is ju n c t io n  in  the  y /sc^Y .y^  males were found as 
compared to e x c e p t io n a l  a p r i c o t  fem ales from the female p a re n ts  and ex­
c e p t io n a l  w ild  type females from n o n d is ju n c t io n  in  the male p a r e n t s .  Out 
o f  a t o t a l  of 12334 progeny prim ary n o n d is ju n c t io n  in  th e  t r e a t e d  females
TABLE 3
Number o f  r e g u la r  and e x c e p t io n a l  progeny from primary non­
d is ju n c t io n  in  c ro s s  o f  yw^/yw^ j ç  X y / s c  Y.y^ cTcT. E xperi­
mental p a r e n ts  s u b je c te d  to  a 3 kV/cm homogeneous e l e c t r o ­
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N = number o f  female p a re n ts
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r e s u l t e d  in  16 e x ce p tio n a l  males and 8 ex cep tio n a l  females while non­
d is ju n c t io n  in  th e  t r e a te d  male p a re n ts  re su l te d  in  5 e x c e p t io n a l  males 
and 1 e x ce p tio n a l  female. Out of a t o t a l  of 7833 progeny from th e  c o n t ro l  
p a re n ts  the re  were 10 e x c e p t io n a l  males and A e x c e p t io n a l  females from 
the  female p a re n ts  and from th e  male p a ren ts  the re  were 5 e x c e p t io n a l  males 
and 2 ex c e p tio n a l  fem ales.
The frequency of prim ary  n o n d is ju n c tio n  in  the  t r e a t e d  yw^/yw^ 
females was 0.194% or 1/513 progeny as compared to  0.179% or 1/559 progeny 
from the c o n t ro l  females (Table 4 ) .  The frequency o f  p rim ary  n o n d is ju n c t io n  
in  the t r e a t e d  y/sc&Y.y^ males was 0.048% or 1/2051 progeny as compared to  
0.089% or 1/1117 progeny from the  c o n t ro l  males. The d i f f e r e n c e s  i n  non­
d is ju n c t io n  frequenc ies  a re  s t a t i s t i c a l l y  n o n s ig n i f i c a n t .
TABLE 4
P er cen t primary n o n d is ju n c t io n .  Parents  s u b je c te d  to  3 kV/cm 
homogeneous, ( - )  p o l a r i t y  e l e c t r o s t a t i c  f i e l d
P aren t
P e r  cen t n o n d is ju n c tio n  
3 kV/cm Control P
s 0 .194 0.179
S 0 .048 0.089 -
0.243 0.268
* in d ic a te s  s ig n i f i c a n c e  a t  .05 le v e l
The pe r  cen t n o n d is ju n c t io n  in  the female and male p a ren ts  was 
c a lc u la te d  as fo llow s:
(// excep . + # excep. y
% n o n d is j .  in  ^o = -------------------------------------------------------------  X 100
T o ta l  # of r e g u la r  and e x c e p t io n a l  
progeny
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. (# excep. + 0 0  + # excep. vw^ Je?)
% n o n d is j .  i n  JeT = X 100
T o ta l  // of r e g u la r  and e x c e p t io n a l  
progeny
Experiment 2̂
Table 5 shows the t o t a l  number of r e g u la r  and e x c e p t io n a l  progeny 
and the number produced pe r  t r a n s f e r  due to  primary n o n d is ju n c t io n  in  
p a re n ts  s u b je c te d  to a 3 kV/cm inhomogeneous e l e c t r o s t a t i c  f i e l d .
TABLE 5
Number of r e g u la r  and e x ce p tio n a l  progeny from prim ary n o n d is ju n c t io n  in  
yw^/yw^ X y/sc®Y.y'*’ JJ*. P a re n ts  s u b je c te d  to  3 kV/cm inhomogeneous
e l e c t r o s t a t i c  f i e l d
Treatment T ran s fe r N
Regular
progeny
E x c e p t io n a l  progeny 
from n o n d is ju n c t io n  in :  
females males
3 kV/cm a 41 2688 0 0 1 2
b 41 2399 0 1 1 2
c 37 1926 2 3 0 2
T o ta l 119 7013 2 4 2 6
C ontro l a 32 2225 0 1 1 2
b 32 2245 1 2 2 1
c 28 1460 2 3 0 1
T ota l 92 5930 3 6 3 4
N = number of p a re n t  females
Out of a  t o t a l  of 7027 progeny, n o n d is ju n c t io n  i n  the  t r e a te d  
yw^/yv^ female p a re n ts  r e s u l t e d  in  4 e x c e p t io n a l  males and 2 ex ce p tio n a l  
females w h ile  n o n d is ju n c t io n  in  the  t r e a te d  y/sc^Y.y"*" male p a re n ts  r e s u l t e d
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in 6 e x c e p t io n a l  males and 2 e x c e p tio n a l  fem ales .  N ond is junc tion  in  the  
c o n t ro l  female p a re n ts  r e s u l t e d  in  6 e x ce p t io n a l  males and 3 e x c e p t io n a l  
females w hile n o n d is ju n c t io n  in the  c o n tro l  male p a ren ts  produced 4 
ex ce p t io n a l  males and 3 e x c e p t io n a l  females out of a  t o t a l  number o f  5946 
progeny.
Except f o r  t r a n s f e r  the frequency of n o n d is ju n c t io n  in  the  
t r e a te d  male p a re n ts  was g r e a t e r  than in the t r e a t e d  female p a re n ts  w h ile  
the o v e r a l l  frequency was h ig h e r  in  the c o n t ro l  female p a r e n t s  than  in  the  
c o n t ro l  male p a r e n t s ,  however, the  n o n d is ju n c t io n  frequency was g r e a t e r  in  
t r a n s f e r s  â  and ^  of the  c o n t ro l  males (Table 6) .  The n o n d is ju n c t io n  r a t e  
was lower in  the  t r e a te d  female p a re n ts  compared to  the c o n t ro l  female
TABLE 6
Per c en t  primary n o n d is ju n c t io n .  P a re n ts  su b je c te d  to  
a  3 kV/cra inhomogeneous e l e c t r o s t a t i c  f i e l d




C ontro l P
2 a 0.000 0.044
b 0.041 0.133 -
c 0.258 0.341 -
Total 0.085 0.151 -
cf a 0.111 0.134 —
b 0.124 0.133 -
c 0.103 0.068 -
T otal 0.113 0.117 -
2 & of a 0.111 0.178 —
b 0.165 0.266 -
c 0.361 0.409 -
T ota l 0.198 0.268
* i n d i c a t e s  s i g n i f i c a n c e  a t  . 0 5  l e v e l
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p a re n ts  and only very  s l i g h t l y  lower in  the t r e a t e d  males compared to  
the  c o n t ro l  male p a r e n t s .  The d i f fe re n c e s  in  n o n d is ju n c t io n  r a te s  were 
n o n s ig n i f i c a n t .
Experiment _3
The t o t a l  number of r e g u la r  and e x c e p t io n a l  progeny due to  
primary n o n d is ju n c t io n  in  yw^/yw^ females o f  v a ry ing  age groups and 
y / s c ^ . y ^  males 2-6 days old a t  the time of mating i s  shown in  Table 7.
TABLE 7
Number o f  r e g u la r  and ex c e p t io n a l  progeny from prim ary  n o n d is ju n c t io n  
in  yw^/yw^ fem ales of vary ing  age groups and y/sc®Y.y males. Exper­
im enta l p a re n ts  s u b je c te d  to  0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y  
e l e c t r o s t a t i c  f i e l d .  Combined data  from t r a n s f e r s  a ,  b ,  and c.
T o ta l
E x c e p t io n a l  progeny 
from n o n d is ju n c t io n  in :  
females males
Treatment
P a re n t  o 
age
re g u la r
progeny w^^ yJ' yw^d*
0 .3  kV/ cm 0-8  h r . 4952 3 0 2 6
1-2 day 6594 3 7 5 4
t l 3-4  " 4686 6 7 0 1
t l 5-6  " 4231 5 1 3 2
t l 0-6  " 20463 17 15 10 13
C on tro l 0-8  h r . 7452 1 10 3 7
I t 1-2 day 13325 5 9 6 11
I t 3-4 " 8456 9 15 5 5
I t 5-6 " 19006 10 22 5 11
0-6  " 48239 25 56 19 34
P aren ts  were s o b je c te d  to a 0 .3  kV/cm inhomogeneous , ( - )  p o l a r i t y  e l e c t r o ­
s t a t i c  f i e l d . Fewer ex c e p t io n a l  yellow  males than a p r i c o t females1 were
produced from t r e a t e d  female p a re n ts  0-8  hours old and 5-6 days o ld  a t  the
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time of mating and when su b je c te d  to  the t e s t  f i e l d  w hile  fewer ex­
c e p t io n a l  y e l lo w -a p r ic o t  males than w ild  type  e x c e p t io n a l  females were 
produced from t r e a t e d  ^Vsc^Y.y^ male p a re n ts  mated to  females 1-2 and 
3-4 days o ld  a t  the time o f  mating and when exposed to  th e  t e s t  f i e l d .
Tliere was a g r e a t e r  number of ex c e p t io n a l  males than e x c e p tio n a l  females 
from t r e a t e d  females 1-2 and 3-4 days o ld  a t  the time of mating and more 
e x c e p tio n a l  y e l lo w -a p r ic o t  males than w ild  type e x c e p t io n a l  females from 
t r e a t e d  male p a re n ts  mated to females 0-8 hours  o ld  and 3-4 days o ld  a t  
the  time of m ating . The c o n t ro l  females o f  each age group produced a 
g r e a te r  number o f  e x c e p tio n a l  yellow males than e x c e p t io n a l  a p r i c o t  fem ales . 
There was a g r e a t e r  number of e x c e p t io n a l  y e l lo w -a p r ic o t  males than w ild  
type e x c e p t io n a l  females from c o n t ro l  males mated to  the c o n t ro l  female 
p a re n ts  of ev e ry  age group t e s t e d  excep t fem ales 3-4 days o ld  a t  th e  time 
of m ating.
The frequency of prim ary n o n d is ju n c t io n  based  on t o t a l  progeny 
y ie ld  from fem ales  of vary ing  ages a t  the time of mating i s  shown in  Table 8 .
TABLE 8
Per cen t  prim ary  n o n d is ju n c t io n  in  yw^/yw& female p a re n ts  of v a ry ing  
age groups and in  y/sc^Y.y"*" male p a r e n ts  2-6 days o ld .  P aren ts  sub­
j e c t e d  to  0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y  e l e c t r o s t a t i c  f i e l d .
P a re n t  ^ 
age
% Nondisj 
0 .3  kV/cm
. in  ÿ 
C on tro l P
% Nondisj 
0 .3  kV/cm
. in  3  
C ontro l P
0-8 h r . 0.060 0.147 0.161 0.134
1-2 day 0.151 0.104 0.136 0.127 -
3-4 " 0.276 0.283 0.021 0.118 -
5-6 " 0.141 0.168 0.118 0.084 -
0-6 " 0.156 0.167 0.112 0.109 —
* i n d i c a t e s  s i g n i f i c a n c e  a t  .0 5  l e v e l
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No s i g n i f i c a n t  d i f f e r e n c e  in  primary n o n d is ju n c t io n  r a t e s  in  females of 
each age group i s  no ted .  The frequency o f  n o n d is ju n c t io n  in  t r e a te d  females 
was lowest in  0 -8  hour old females and h ig h e s t  in  3-4 day old fem ales. In  
th e  c o n t ro l  fem ales the prim ary n o n d is ju n c t io n  r a t e  was h ig h e s t  in  females 
3-4 days old and low est in  females 1-2 days o ld .  The g r e a t e s t  d if fe re n c e  
in  n o n d is ju n c t io n  r a t e s  was noted in  the 0-8 hour o ld  females. Except fo r  
male p a ren ts  mated to  females 3-4 days o ld  the r a t e  of nond is ju n c tio n  was 
s l i g h t l y  g r e a t e r  i n  the  t r e a t e d  males than in  th e  c o n t ro l  m ales. The 
d i f f e r e n c e  in r a t e  of n o n d is ju n c t io n  in  the  t r e a t e d  males as compared to 
the c o n t ro l  males was no t  s i g n i f i c a n t .
Figure 4 shows the r e l a t io n s h ip  of the  frequency  of primary
co•Hw
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Age o f  Females a t  Mating 
in  Days
F ig . 4 . — Per c e n t  prim ary n o n d is ju n c t io n  in  
females of vary ing  ages s u b je c te d  to  a 0 .3  
kV/cm inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d .
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n o n d is ju n c t io n  in  yw^/yw^ females to  female age a t  th e  time of m ating and 
exposure to  the t e s t  f i e l d .  The frequency o f  n o n d is ju n c t io n  was g r e a t e s t  
in  females 3-4 days o ld .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  between the 
t r e a te d  and c o n t ro l  fem ales o f  comparable age groups b u t  the  r a t e  of non­
d i s ju n c t io n  in  t r e a t e d  fem ales 3-4 days old i s  s i g n i f i c a n t l y  h ig h e r  than 
in  t r e a t e d  females 0-8 hours old a t  the time o f  m ating. The r a t e s  in  the 
same c o n t ro l  groups were n o t  s ig n i f i c a n t l y  d i f f e r e n t .  The reason  fo r  the 
h igh n o n d is ju n c t io n  r a t e  in  females 3-4 days o ld  i s  n o t  c l e a r .  The t r e a te d  
males mated to the  t r e a t e d  females 3-4 days o ld  d id  i n  f a c t  show the 
low est r a t e  of n o n d is ju n c t io n  of any t r e a te d  o r  c o n t ro l  male group, but 
the males were from 2-6  days o ld .
Table 9 shows th e  number o f  reg u la r  and e x c e p t io n a l  progeny
TABLE 9
Number of r e g u la r  and e x c e p t io n a l  progeny from prim ary  n o n d is ju n c t io n  
in  yw^/yw^ females 0-8  hours o ld  a t  the time of m ating  to  y /s c ^ .y " ^  
m ales. P a re n ts  s u b je c te d  to  0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,
e l e c t r o s t a t i c  f i e l d
E x cep tiona l progeny 
from n o n d is ju n c t io n  in :  
females males
Treatment T ra n s fe r N
Regular
progeny w^Ç ycf yŵ <
0 .3  kV/cm a 11 1508 1 0 1 2
b 10 2169 2 0 0 4
c 8 1275 0 0 1 0
T ota l 29 4952 3 0 2 6
C ontro l a 9 1571 0 3 0 1
b 9 3212 0 1 2 4
c 9 2669 1 6 1 2
T o ta l 27 7452 1 10 3 7
N = rmmhpr n f  h n f f l i
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produced per  t r a n s f e r  from fem ales 0-8 hours old a t  the time o f  m ating .
No ex c e p tio n a l  yellow  males were noted in  any t r a n s f e r  o f  th e  t r e a t e d  
female p a r e n t s .  A g r e a te r  number of e x c e p tio n a l  males than e x c e p t io n a l  
a p r i c o t  females from n o n d is ju n c t io n  in  the  c o n t ro l  female p a r e n t s  was 
no ted .  Based on t o t a l  progeny from th e  t r e a te d  female p a re n ts  the  p e r
cen t n o n d is ju n c t io n  was 0.060% (1/1651) compared to  0.147% (1/679) in  the
c o n t ro l  fem ales. The n o n d is ju n c t io n  frequency in  the  t r e a t e d  males was 
0.161% (1/620) and 0.134% (1/746) in  th e  c o n t ro l  males (Table 10).
TABLE 10
Per c e n t  primary n o n d is ju n c t io n ,  yw^/yw^ females X 
y /s c  Y.y* males. Females 0-8  hours o ld  a t  the  tim e
of m ating . P a ren ts  s u b je c te d  to  0 .3  kV/cm inhomo­
geneous, ( - )  p o l a r i t y  e l e c t r o s t a t i c  f i e l d
P aren t T ran sfe r
Per c e n t  N ondis junction  
0 .3  kV/cm C ontro l P
? a 0.066 0.190
b 0.092 0.031 -
c 0.000 0.261 -
Total 0.060 0.147 -
cT a 0.198 0.147 _
b 0.184 0.186 -
c 0 .078 0.074 -
Total 0.161 0.134 -
o & cT a 0.264 0.253 —
b 0.276 0.217 -
c 0.078 0.373 -
T ota l 0.221 0.281
* in d ic a te s  s ig n i f i c a n c e  a t  .05 l e v e l
A s i g n i f i c a n t l y  g r e a t e r  number of re g u la r  progeny were produced
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p er  b o t t l e  from c o n t ro l  p a re n ts  fo r  each t r a n s f e r  th a n  from t r e a t e d  
p a re n ts  in  each t r a n s f e r  (Table 11). Three b o t t l e s  were l o s t  from the  t e s t  
group due to  d ea th  o f  the p a r e n t s .  There seemed to be a tendency fo r  more 
p a re n ts  to  d ie  i n  th e  t re a tm e n t  group than in  th e  c o n t ro l  group. This 
was n o t  always c o n s i s t e n t  though. The s i g n i f i c a n t  d i f f e r e n c e  between 
the  number of r e g u la r  progeny i s  very  l i k e l y  due to  a  lo s s  o f  some o f th e  
t e s t  female p a r e n t s .  Paper caps w ith  a g la ss  tube w ith  a w ire  immersed 
in t o  the  medium were used to  p lug  the  c o n t ro l  b o t t l e s  c o n ta in in g  females 
5-6 days old b u t  the same type rubber s to p p er  d e s c r ib e d  in  the  methods 
and m a te r ia l s  was used to  p lug  a l l  o th e r  c o n t ro l  groups as w e l l  as the 
ex perim en ta l  g roups. The environment in s id e  the  c o n t ro l  b o t t l e s  (with 
the p o s s ib le  e x ce p tio n  of those w ith  paper s to p p e r s )  should have been 
s i m i l a r  to  t h a t  in s id e  the  experim ental b o t t l e s  e x c e p t  fo r  the  p resence 
of the  f i e l d .
TABLE 11
Comparison of mean number o f  r e g u la r  progeny produced p e r  b o t t l e  
p e r  t r a n s f e r ,  yw^/yw^ female p a re n ts  0-8  hou rs  old a t  time of 
m ating and s u b je c te d  to  a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,
e l e c t r o s t a t i c  f i e l d
T ra n s fe r N
0 .3  kV/cm 
Ÿ ± S.E. N
C ontrol 
Ÿ ± S.E. P
a 11 137.0 ± 10.9 9 174.5 ± 13.7 *
b 10 216.9 ± 37.1 9 356.8 ± 28.1 *
c 8 159.3 ± 2 9 . 7 9 296.5 ± 13.4 *
* in d i c a te s  s ig n i f i c a n c e  a t  .05 l e v e l  
N = number of b o t t l e s
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Based on t o t a l  d a ta  Table 12 shows a  g r e a t e r  number o f  e x c e p t io n a l  
yellow  males than a p r i c o t  e x c e p t io n a l  females from prim ary  n o n d is ju n c t io n  
i n  t r e a t e d  and c o n t r o l  fem ales. A g r e a t e r  number o f  e x c e p t io n a l  w i ld  type 
fem ales than y e l lo w -a p r ic o t  e x c e p t io n a l  males r e s u l t i n g  v ia  n o n d is ju n c t io n  
in  the  t e s t  male p a r e n t s  were reco rded .  The o p p o s i te  was t r u e  concerning 
th e  corresponding  c o n t ro l  male p a r e n t s .
TABLE 12
Number of r e g u la r  and e x c e p t io n a l  progeny from prim ary  n o n d is ju n c t io n  
in  yw^/yw^ females 1-2 days o ld  a t  the time o f  m ating  to  y / s c  Y.ÿ*^ 
m ales .  P a re n ts  s u b je c te d  to  0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,
e l e c t r o s t a t i c  f i e l d
Treatment T ra n s fe r N
Regular
progeny
E x ce p tio n a l  progeny 
from n o n d is ju n c t io n  i n :  
females males
w^Ç y â  +ç yw^d*
0 .3  kV/cm a 8 2664 1 3 4 2
b 8 2424 2 2 1 0
c 8 1506 0 2 0 2
T o ta l 24 6594 3 7 5 4
C ontro l a 17 4950 1 2 2 1
b 17 5365 2 3 2 6
c 17 3010 2 4 2 4
T o ta l 51 13325 5 9 6 11
N = number of b o t t l e s
Table 13 shows the  pe r  cen t o f  primary n o n d is ju n c t io n  i n  ^  / yw 
females 1-2 days o ld  a t  mating and exposure to a 0 .3  kV/cm inhomogeneous, 
( - )  p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d  and th e  co rrespond ing  c o n t ro l  female
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TABLE 13
Per cen t  p rim ary  n o n d is ju n c t io n  in  yw^/yw^ females and 
y/sc&Y.y^ m ales .  Females 1-2 days o ld  a t  time o f  mat­
ing  and s u b je c te d  to  0 .3  kV/cm inhomogeneous, ( - )  po­
l a r i t y ,  e l e c t r o s t a t i c  f i e l d
P aren t T ra n s fe r
Per cen t n o n d is ju n c t io n  
0 .3  kV/cm C on tro l P
5> a 0.149 0.060
b 0.164 0.092 -
c 0.132 0.198 -
Tota l 0.151 0.104 -
cf a 0.224 0.060 —
b 0.041 0.148 -
c 0.132 0.198 -
T o ta l 0.136 0.127 -
9 & cT a 0.373 0.121 *+ b 0.205 0.241 -
c 0.264 0.397 -
T ota l 0.287 0.232
* i n d i c a t e s  s ig n i f i c a n c e  a t  .05 l e v e l
p a re n ts .  The d i f f e r e n c e s  i n  n o n d is ju n c t io n  r a t e s  between th e  t r e a te d  
and c o n t ro l  p a re n ts  a r e  n o n s ig n i f i c a n t  excep t f o r  the  d i f f e r e n c e  in  the  
combined r a t e  o f  n o n d is ju n c t io n  in  t r a n s f e r  a o f  the  t r e a t e d  males and 
females compared to  th e  r a t e  in  c o n t ro l  males and females combined. The 
r a t e  was h ig h e r  i n  th e  t r e a t e d  p a re n ts  than in  the c o n t ro l  p a r e n t s .  This 
i s  the only group i n  the  e n t i r e  n o n d is ju n c t io n  s tudy  which showed a  
s i g n i f i c a n t  d i f f e r e n c e  i n  th e  r a t e  o f  n o n d is ju n c t io n .  The t o t a l  number 
of re g u la r  progeny i n  t r a n s f e r  a of th e  t r e a t e d  p a re n ts  was 2664. I t  i s  
d o u b tfu l  th a t  the d i f f e r e n c e  in  the r a t e  of n o n d is ju n c t io n  was t r u l y  due 
to  the e f f e c t  of the  f i e l d ,  however, th e  cause i s  n o t  c l e a r .  Table 14 
shows a comparison o f  the  mean number o f  r e g u la r  progeny from the  same
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p a re n ts .
TABLE 14
Comparison of mean number o f  re g u la r  progeny produced p e r  b o t t l e  
p e r  t r a n s f e r ,  yw^/yw® female p a re n ts  1-2 days o ld  a t  time of 
mating and s u b je c te d  to  a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,
e l e c t r o s t a t i c  f i e l d
T ra n s fe r N
0 .3  kV/cm 
Ÿ ± S .E . N
C ontro l 
Ÿ ± S .E . P
a 8 333.1 ± 18.0 17 291.1 ± 27 .3  -
b 8 303.0 ± 41 .9 17 315.5 ± 22 .2  -
c 8 188.2 ± 45 .7 17 177.0 ± 14.2 - -
* in d i c a te s  s i g n i f i c a n c e  a t  .05 l e v e l  
N = number o f  b o t t l e s
The number o f  r e g u la r  and primary ex cep tio n s  produced p e r  t r a n s f e r  
from yw^/yw^ fem ales 3-4  days o ld  a t  mating and exposure to  a  0 .3  kV/cm 
inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d  and male p a re n ts  i s  shown 
in  Table 15.
Primary n o n d is ju n c t io n  r a t e s  of t r e a t e d  fem ales 3-4 days o ld  a t  
the time of mating and exposure t o  a 0 .3  kV/cm inhomogeneous f i e l d  and 
c o n t ro l  females a re  shown in  Table  16.
A comparison o f  the  mean number of re g u la r  progeny produced from 
the same female p a re n ts  i s  shown in  Table 17. A s i g n i f i c a n t l y  g r e a t e r  
number of r e g u la r  progeny were produced in  t r a n s f e r s  a  and b o f  the  c o n t ro l  
groups compared to  the  ex p e r im en ta l  groups. Because the  s ta n d a rd  e r r o r  
i s  so g r e a t  in  t r a n s f e r  c the  d i f f e r e n c e  no ted  i s  n o t  s i g n i f i c a n t .  The 
la rg e  s ta n d a rd  e r r o r  i s  a r e s u l t  o f  some b o t t l e s  hav ing  only a  very few
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f l i e s  in  t r a n s f e r  c.
TABLE 15
Number of r e g u la r  and e x c e p t io n a l  progeny from prim ary n o n d is iu n c t io n  
in  yw^/yw^ females 3-4 days o ld  a t  the time of mating to  y / s c ^ . y ^  
m ales. P a ren ts  s u b je c te d  to  0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,
e l e c t r o s t a t i c  f i e l d
Treatment T ra n s fe r N
Regular
progeny
E x ce p tio n a l  progeny 
from n o n d is ju n c t io n  in :  
females males
yc? yw^cT
0 .3  kV/cm a 6 2134 1 1 0 1
b 5 1513 3 5 0 0
c 5 1039 2 1 0 0
T o ta l 17 4686 6 7 0 1
C on tro l a 5 3342 1 0 2 1
b 5 2819 4 6 1 3
c 5 2295 4 9 2 1
T o ta l 15 8456 9 15 5 5
N = number o f  b o t t l e s
Table 18 shows th e  number of r e g u la r  and e x c e p t io n a l  progeny from 
prim ary n o n d is ju n c t io n  in  females 5-6 days o ld  a t  time of mating and in  
corresponding  c o n t ro l  fem ales . O v e ra l l  more e x c e p tio n a l  females than  excep­
t i o n a l  males were produced from the  t r e a te d  p a re n ts .  More e x c e p t io n a l  
males than e x c e p t io n a l  females were produced from th e  c o n t ro l  p a r e n t s .
The r a t e s  of primary n o n d is ju n c t io n  from th e  same females and p a re n t  males 
a re  shown in  Table 19. The r a t e  o f  n o n d is ju n c t io n  i n  the  c o n t ro l  p a r e n t s  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from the  r a t e  in th e  t r e a te d  p a re n ts  o f  
any t r a n s f e r  or t o t a l  group d a ta .
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TABLE 16
Per cent_^primary n o n d is ju n c tio n  in  yw^/yw^ females and 
y/sc®Y.y m ales. Females 3-4 days o ld  a t  time o f  mat­
in g  and su b je c te d  to  0.3  kV/cra inhomogeneous, ( - )  po-
l a r i t y . e l e c t r o s t a t i c f i e l d
P a re n t T ran s fe r
Per cen t  n o n d is ju n c t io n  
0 .3  kV/cm C ontro l P
a 0.093 0.029 _
b 0.525 0.353 -
c 0.287 0.283 -
T ota l 0.276 0.283 -
(f a 0.046 0.089 —
b 0.000 0.141 -
c 0.000 0.130 -
T ota l 0.021 0.118 -
0 & cf a 0.140 0.119 —
b 0.525 0.494 -
c 0.287 0.692 -
T o ta l 0 .297 0.400
* in d ic a te s  s ig n i f i c a n c e  a t  .05 l e v e l
TABLE 17
Comparison of mean number of r e g u la r  progeny produced per b o t t l e  
per  t r a n s f e r ,  yw^/yw^ female p a r e n t s  3-4 days o ld  a t  time of 
m ating  and su b je c te d  to  a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,
e l e c t r o s t a t i c  f i e l d
T ra n s fe r N
0 .3  kV/cm 
Y ± S.E. N
C on tro l 
Y ± S.E. P
a 6 355.6 ± 81.8 5 653.8  ± 23.1 *
b 6 252.1 ± 53.5 5 563.8  ± 42.9 *
c 5 207.8 ± 96.7 5 459.0 ± 76.3
* i n d i c a t e s  s i g n i f i c a n c e  a t  .0 5  l e v e l
N = n u m b e r  o f  b o t t l e s
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TABLE 18
Number of r e g u la r  and e x c e p t io n a l  progeny from prim ary n o n d is iu n c t io n  
in  yw^/yw^ fem ales 5-6 days old a t  the  time o f  m ating to  y/sc°Y.y'*’ 
m ales. P a re n ts  s u b je c te d  to  0.3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,
e l e c t r o s t a t i c  f i e l d
Treatment T ra n s fe r N
R egular
progeny
E x ce p tio n a l  progeny 
from n o n d is ju n c t io n  in :  
females males
w^Ç ycT +Ç yw^cT
0 .3  kV/cm a 11 2013 3 1 0 1
b 11 738 0 0 2 0
c 11 1580 2 0 1 1
T o ta l 33 4231 3 1 3 2
C ontro l a 22 5877 3 3 2 4
b 22 7082 3 5 3 5
c 22 6047 4 14 0 2
T o ta l 66 19006 10 22 5 11
N = number o f  b o t t l e s
The mean number of r e g u la r  progeny produced per b o t t l e  per t r a n s f e r  
from females 5-6 days old a t  mating and the  p a r e n t  m ales, b o th  of which 
were su b jec ted  to  a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  
f i e l d ,  was s i g n i f i c a n t l y  lower than th e  r e g u la r  progeny from the  c o r r e s ­
ponding c o n t ro l  p a r e n t s  (Table 20). T h is  ag a in  i s  l i k e l y  due to the  death 
of some of the  t r e a t e d  p a r e n t s .
In  g en era l  th e  n o n d is ju n c t io n  r a t e  was h ig h e r  i n  female p a re n ts  
than  in  male p a r e n t s .  This was t ru e  fo r  t r e a t e d  female p a r e n t s  o f  every  
age group te s t e d  excep t f o r  females 0-8  hours o ld  a t  mating and s u b jec ted  
to  the f i e l d .  The same was t r u e  o f  the  c o n t ro l  female p a r e n t s  excep t fo r  
fem ales 1-2 days o ld  a t  m ating . The n o n d is ju n c t io n  r a t e  i n  p a re n t  females
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TABLE 19
Per c e n t  prim ary n o n d is ju n c t io n  in  yw^/yw^ females and 
y / s c ^ .y '* ’ m ales. Females 5-6 days o ld  a t  time of m at-
ing and s u b jec ted  to 
l a r i t y .
0 .3  kV/cm inhomogeneous, (-)  
e l e c t r o s t a t i c  f i e l d
po-
P a ren t T ransfe r
Per cen t n o n d is ju n c t io n  
0 .3  kV/cm C ontro l P
? a 0.198 0.101t b 0.000 0.112 -
c 0.126 0.296 -
T ota l 0.141 0.168 -
(f a 0.049 0.101 -
b 0.270 0.112 -
c 0.126 0.033 -
Tota l 0.118 0.084 -
0 & (T a 0.247 0.203 —
b 0.270 0.225 -
c 0.252 0.329 -
Tota l 0.259 0.251
* i n d i c a t e s  s ig n i f i c a n c e  a t  .05 le v e l
TABLE 20
Comparison o f  mean number o f  r e g u la r  progeny produced p e r  b o t t l e  
p e r  t r a n s f e r ,  yw^/yw^ female p a re n ts  5-6 days o ld  a t  time of 
mating and s u b je c te d  to a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,
e l e c t r o s t a t i c  f i e l d
T ran s fe r N
0.3 kV/cm 
Ÿ ± S .E. N
Contro l 
Ÿ ± S.E. P
a 11 183.0 ± 25.6 22 266.5 ± 18.1 *
b 11 67.0 ± 17.1 22 321.2 ± 27.8 *
c 11 143.4 i  43 .4 22 274.8 ± 32.9 *
* i n d i c a t e s  s i g n i f i c a n c e  a t  .0 5  l e v e l
N = n u m b e r  o f  b o t t l e s
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1-2, 3 -4 ,  and 5-6 days old a t  mating and s u b je c te d  to  the  f i e l d  was 
1/660, 1/316, and 1/706 re s p e c t iv e ly  and 1 /952, 1 /311 , and 1/595 r e ­
s p e c t i v e ly  fo r  the  c o n t ro l  groups. The r a t e  i n  m ales mated to  1-2, 3-4, 
and 5-6 day old fem ales was 1/633, 1/4687, and 1/846 r e s p e c t iv e ly  fo r  the 
ex p e r im e n ta l  groups and 1/785, 1/846, and 1/1188 r e s p e c t iv e l y  fo r  the 
c o n t ro l  g roups.
Except f o r  female p a re n ts  1-2 days o ld  a t  m a ting  the n o n d is ju n c tio n  
r a t e  was s l i g h t l y  lower in  the  experim en ta l than  i n  th e  c o n t ro l  female 
groups w h ile  the n o n d is ju n c t io n  r a t e  was h ig h e r  in  th e  experim en ta l males 
than  i n  th e  c o n t ro l  male p a re n ts  except f o r  th e  c o n t r o l  males mated to  f e ­
males 3-4 days of age a t  m ating.
Experiment ^
Table 21 shows the number of r e g u la r  and e x c e p t io n a l  progeny from 
yw^/yw^ fem ales  3-4 days o ld  a t  mating and ^/sc^Y.y'*' males 2-4 days old a t  
mating and s u b je c te d  to  a 0 .3  kV/cm inhomogeneous, (+) p o l a r i t y ,  e l e c t r o ­
s t a t i c  f i e l d .  A g r e a t e r  number o f  e x c e p t io n a l  ye llow  males than a p r ic o t  
fem ales ,  from prim ary  n o n d is ju n c t io n  in  the  fem a les ,  were produced in  each 
t r a n s f e r  o f  the  c o n t ro l  p a re n ts .  More y e l lo w -a p r ic o t  e x c e p t io n a l  males 
than w i ld  type females were produced from n o n d is ju n c t io n  in  the  c o n tro l  
m ales .  The o p p o s i te  was t ru e  of the  t r e a t e d  male p a r e n t s .
Table 22 shows the d i f f e re n c e s  in  th e  n o n d is ju n c t io n  frequencies  
fo r  the  t r e a t e d  and c o n t ro l  p a ren ts  to  be n o n s i g n i f i c a n t ,  however, based 
upon the  t o t a l  progeny y ie ld  the n o n d is ju n c t io n  r a t e  was g r e a te r  in  the 
ex p e r im e n ta l  fem ales than in  the c o n t ro l s  w h ile  the  r a t e  was h ig h e r  in  the  
c o n t ro l  males than in  the  experim en ta l m a le s . In t h i s  experim ent the non-
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TABLE 21
Number of r e g u la r  and e x c e p t io n a l  progeny from primary n o n d is ju n c t io n  
in  yw^/yw^ fem ales and y / s c  i.y"*" m ales su b je c te d  to  a 0 .3  kV/cm i n ­
homogeneous, (+) p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d
E xcep tiona l  progeny
from n o n d is ju n c t io n  in :
females males
Regular
w^Ç ycT +Ç yw^cfTreatment T ran s fe r N progeny
0 .3  kV/cm
C ontro l
a 14 2439 0 1 3 3
b 13 2177 1 5 2 0
c 10 1390 0 2 0 1
T o ta l 37 6006 1 8 5 4
a 31 8878 2 3 10 10
b 31 12588 2 15 5 18
c 31 8809 1 9 6 9
T o ta l 93 29825 5 27 21 37
N = number o f  b o t t l e s
d i s ju n c t io n  r a t e  was th e  same in  the t r e a te d  p a r e n t s ,  however, th e  r a t e  
was h ig h e r  in  the c o n t ro l  male than i n  the  c o n t ro l  female p a r e n t s .
Table 23 ag a in  shows a s i g n i f i c a n t l y  g r e a t e r  number o f  r e g u la r  
progeny from the c o n t ro l  p a re n ts  as compared to  the t r e a te d  p a r e n ts .
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TABLE 22
Per cen t  prim ary n o n d is ju n c t io n  i n  yw^/yw^ females and 
y / s c  Y.y^ m ales .  E xperim ental p a re n ts  su b je c te d  to  a 
0 .3  kV/cm inhomogeneous, (+) p o l a r i t y ,  e l e c t r o s t a t i c
f i e l d
P a ren t  T ran s fe r
P er cen t  n o n d is ju n c tio n  
0 .3  kV/cm Contro l P
0 a 0.040 0.056
^ b 0.274 0.134 -
c 0.143 0.113 -
T o ta l 0.149 0.106 -
(f a 0.245 0.224 —
b 0.091 0.182 -
c 0.071 0.169 -
T o ta l 0.149 0.193 -
p & (T a 0.286 0.255 —
b 0.365 0.316 -
c 0.215 0.282 -
T o ta l 0.298 0.300
* i n d i c a t e s  s ig n i f i c a n c e  a t  .05 le v e l
TABLE 23
Comparison of mean number o f  r e g u la r  progeny produced p e r  b o t t l e  
p e r  t r a n s f e r ,  yw^/yw^ fem ales mated to  y/sc®Y.y"^ m ales .  P a r ­
e n ts  exposed to  0 .3  kV/cm inhomogeneous, (+) p o l a r i t y ,  e l e c t r o ­
s t a t i c  f i e l d
T ransfe r N
0 .3  kV/cm 
Ÿ ± S .E . N
C ontro l 
Ÿ ± S .E . P
a 11 137.0 ± 10.9 9 174.5 ± 13.7 *
b 10 216.9 ± 37.1 9 356.8 ± 28.1 *
c 8 159.3 ± 29 .7 9 296.5 ± 13.4 *
* i n d i c a t e s  s i g n i f i c a n c e  a t  . 0 5  l e v e l
N = n u m b er  o f  b o t t l e s
DISCUSSION
N ondis junc tion  r e f e r s  to  the f a i l u r e  of a p a i r  o f  homologous 
chromosomes to  seg rega te  during  m e io s is ,  thus  producing eggs w ith  two or 
no m a te rn a l  chromosomes and sperm with two o r  no p a t e r n a l  chromosomes 
f o r  th e  homologs involved .
The phenomenon of n o n d is ju n c t io n  ( f o r  the X chromosomes o f  a 
D ro so p h ila  female) as evidenced by the  p ro d u c t io n  o f  p a t ro c l in o u s  males 
and m a tro c l in o u s  females, was f i r s t  no ted  by Bridges (1913).
In  2" m elanogaster the  normal female has two X chromosomes and 
3 p a i r s  o f  autosomes w hile  the male has one X and one Y chromosome and 3 
p a i r s  of autosomes (Bridges, 1916). Bridges sugges ted  t h a t  p a t ro c l in o u s  
males and m atroc linous  females from XX and XY p a ren ts  be c a l l e d  prim ary 
ex c e p tio n s  and th a t  n o n d is ju n c t io n  producing prim ary e x c e p t io n s  be c a l l e d  
prim ary n o n d is ju n c t io n .
P rim ary  n o n d is ju n c tio n  may produce XXX m eta-fem ale zygo tes ,  b u t  
th e se  a re  very  d i f f i c u l t  to  d e t e c t  s in c e  few su rv iv e  to  the  imago s ta g e .
YO male zygo tes  may a lso  be produced bu t  t h i s  c o n d i t io n  i s  l e t h a l  in  the 
e a r ly  egg s ta g e  and a d u l ts  of t h i s  chromosomal c o n s t i t u t i o n  a re  n o t  found.
E x ce p tio n a l  progeny coming from prim ary  e x c e p t io n a l ,  m a tro c lin o u s  
females hav ing  an XXY chromosomal c o n s t i t u t i o n  a re  c a l l e d  secondary ex­
c e p t io n s  (B ridges ,  1916) and the type o f  n o n d is ju n c t io n  producing  secondary 
e x c e p tio n s  i s  c a l l e d  secondary n o n d is ju n c t io n .
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Bridges (1916) sugges ts  t h a t  n o n d is ju n c t io n  i s  due to the e n ta n g le ­
ment of p a i re d  chromosomes which f a i l  to  d isengage du ring  the anaphase s ta g e  
o f  m e io s is .  S tu r te v a n t  and Beadle (1936) sugges ted  th a t  n o n d is ju n c t io n  i s  
due to  a f a i l u r e  of metaphase p a i r in g  o f  homologues fo llowed by independent 
s e g re g a t io n  of each unpaired  homologue. This would give 1/2 mono-X eggs ,
1/4 nu llo -X  eggs and 1/4 diplo-X eggs. S and le r  and Braver (1954) propose 
a s im i l a r  method in  which one or both unpaired  homologues may be l o s t  a t  
metaphase in s te a d  of n o n d is jo in in g .
G r e l l  (1962a, 1962b) proposed a  scheme of two kinds of p a i r in g  of 
the  X chromosomes of ID. m elanogaster fem ales; (1) exchange p a i r in g  which 
precedes  c ro s s in g  over and (2) d i s t r i b u t i v e  p a i r i n g  which precedes d i s ju n c ­
t i o n .  Exchange p a i r in g  occurs only between homologues w hile  d i s t r i b u t i v e  
p a i r in g  occurs  between nonhomologons chromosomes . Non-homologous p a i r i n g  
as the mechanism of prim ary n o n d is ju n c t io n  has a l s o  been suggested  by Sand le r  
and N o v itsk i  (1956) and Forbes (1950, 1962). P re -e q u a t io n a l  s i s t e r  chroma­
t i d  s e p a ra t io n  w ith  no secondary d iv i s io n  of homologous chromatids has a l s o  
been suggested  as a method o f  primary n o n d is ju n c t io n  (Merriam and F r o s t ,  1964)
The recovery  of more e x c e p tio n a l  males than ex c e p tio n a l  fem ales, 
as a r e s u l t  of prim ary n o n d is ju n c t io n  in  the fem ales ,  was f i r s t  d esc r ib ed  
by S a f i r  (1920). The excess o f  ex c e p tio n a l  females a s  a r e s u l t  of prim ary 
n o n d is ju n c t io n  in  bo th  the female and male p a re n ts  was g e n e ra l ly  noted  in  
the p r e s e n t  s tudy . The cause of t h i s  phenomenon i s  unknown, but S a f i r  
in d ic a te d  th e re  may be some type of e l im in a t io n  of the  X chromosomes 
or a lagg ing  of the p a i re d  X chromosomes a t  the  metaphase p l a t e ,  r e s u l t i n g  
in  a l l  nu llo -X  eggs.
S and le r  and Braver (1954) in d ic a te  t h a t  one o r  both  unpaired  X
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chromosomes may be l o s t  a t  th e  metaphase p la te  in  oogenes is  and t h i s  could 
lead  to  th e  recovery  o f  more p a t ro c l in o u s  males than  m a tro c lin o u s  fem ales.
Experiments by Mavor (1921, 1922, 1924, 1929) were th e  f i r s t  to  
show t h a t  X - i r r a d i a t i o n  in c re a s e d  the  frequency o f  prim ary n o n d is ju n c t io n .  
S ince  t h a t  tim e s e v e ra l  workers (P a t te r s o n ,  B rew ster  and W inches ter ,  1932; 
Savhagen, 1961; S t r a n g le ,  1961; Uchida, 1962; Zimmering, 1962; Zimmering 
and Wu, 1963, 1964; Clark and C la rk ,  1963; T ra u t ,  1964; Day and G r e l l ,
1966; and G r e l l ,  1966a) have dem onstrated  an in c re a s e  in  n o n d is ju n c t io n  
in  D ro so p h i la  by x - i r r a d i a t i o n .
P a t t e r s o n ,  e t .  a l . ,  (1932) showed t h a t  x - ra y s  a p p l ie d  to  re ta in e d  
m a tu r ing  D rosoph ila  eggs in c re a se d  primary n o n d is ju n c t io n  a l though  i t  has 
been su g g es ted  t h a t  a number o f  th e  excess e x c e p t io n a l  m ales they  found as 
compared to  the  e x c e p tio n a l  fem ales could have been due to  X chromosome 
lo s s  r a t h e r  than  n o n d is ju n c t io n .
Mavor (1921-1929), however, x-rayed  females o f  v a ry in g  ages and 
showed t h a t  the  e f f e c t  of x - ra y s  was no t l im i te d  to  r e t a in e d  mature eggs 
b u t  to  eggs in  e a r l i e r  s ta g e s  o f  development as w e l l .  F u r th e r  in fo rm ation  
was added by Uchida (1962) when she re p o r te d  an in c re a se  in  the  r a t e  o f  
prim ary n o n d is ju n c t io n  in  x -rayed  D. m elanogaste r  fem ales .  The no n d is ju n ­
c t io n  r a t e  appeared to  in c re a s e  as the  females were aged a f t e r  i r r a d i a t i o n  
and p r i o r  t o  m ating . Females aged 29 days b e fo re  mating showed th e  h ig h e s t  
n o n d is ju n c t io n  r a t e  whele c o n t ro l  females aged 7 days p r i o r  to  mating 
showed th e  h ig h e s t  r a t e  fo r  th e  c o n t ro l  group (a lthough  th e  r a t e  a t  7 days 
was no t g r e a t l y  d i f f e r e n t  from th e  females younger o r  o l d e r ) .  Data ob ta ined  
by Uchida i n  the  c o n t ro l  group were confirmed by K e ls a l l  (1963) and Roberts 
(1963) when they re p o r te d  t h a t  the  r a t e  o f  n o n d is ju n c t io n  o f  sex chromosomes
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d id  no t  in c re a s e  w ith  in c re a s in g  p a r e n t a l  age of D̂. m e la n o g a s te r .
Savhagen (1961) has shown t h a t  in  young D̂. m e lanogas te r  males 
i r r a d i a t e d  a t  0-1 and 3-4  days of age and then mated to  v i r g i n  fem ales, the  
frequency o f  e x c e p t io n a l  males and females was g r e a t e s t  i n  the  8th  day a f t e r  
i r r a d i a t i o n .  The 0-1 day old males d id  show a h ig h e r  r a t e  than  the 3-4 day 
o ld  m ales, however. A s im i la r  p a t t e r n  of sperm atogenesis  s e n s i t i v i t y  was 
rep o r te d  by S tra n g io  (1961). I t  was r e p o r te d  by Savhagen and S trang io  t h a t  
n o n d is ju n c t io n a l  even ts  exceeded th o se  of exchange ev en ts  when a d u l t  males 
were i r r a d i a t e d .  On the  o ther  hand, Zimmering and Wu (1963, 1964) found a 
h ig h e r  frequency of X-Y exchange than X-Y n o n d is ju n c t io n  in  x-rayed  
m elanogaster m ales . Zimmering su g g es ts  t h a t  the g e n e t ic  t e s t s  used by 
Savhagen may have been f a u l t y  but the  t e s t s  used by S tra n g io  app aren tly  
should have g iven  r e s u l t s  s im i la r  to  t h e i r s .
A c o r r e l a t i o n  between n o n d is ju n c t io n  and fem ale age and tem perature  
has a lso  been n o ted  (H i ld re th  and U l r i c h s ,  1969, and Tokunaga, 1970). They 
found t h a t  p r e - insém inate d  or p o s t - in s e m in a te d  females held  a t  10°C and aged 
showed a h ig h e r  r a t e  of n o n d is ju n c t io n  than a l i k e  group h e ld  a t  25°C.
Unlike p re v io u s ly  mentioned s tu d ie s  on x - ra y  in f lu e n c e  and p a re n t  age in  
which more e x c e p t io n a l  males than e x c e p t io n a l  females a re  found i t  was r e ­
ported  by H i ld r e th  and Tokunaga th a t  the  r a t i o  of e x c e p t io n a l  females and 
males was 1:1. They suggest th a t  the  unequal sex r a t i o  o f  e x c e p t io n a l  p ro ­
geny ob ta ined  i n  o th e r  s tu d ie s  may be due to  two types of e x c e p t io n a l  males 
being revovered , those r e s u l t i n g  from chromosome lo s s  and those  r e s u l t in g  
from n o n d is ju n c t io n .
While th e re  i s  f l u c t u a t i o n  in  th e  r a t e  of prim ary n o n d is ju n c t io n  in  
females of v a ry in g  age groups su b je c te d  to a  0 .3  kV/cm inhomogeneous, (- )
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p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d ,  no s i g n i f i c a n t  d if f e re n c e  was no ted  between 
the  c o n t ro l  and experim en ta l g roups. I t  can be no ted , however, t h a t  the  
h ig h e s t  t o t a l  r a t e  of n o n d is ju n c t io n  f o r  broods a ,  b and c combined occur­
red  i n  fem ales 3-4 days o ld  a t  th e  time o f  m ating , th e re fo r e ,  eggs from 
these  females were c o l le c te d  when the  fem ales were aged from 6-11 days. 
T ran s fe r  b o f  these  same ex p e r im en ta l  and c o n t ro l  females shows the  h ig h e s t  
n o n d is ju n c t io n  r a t e .  The females would have been 7-9 days o ld  a t  th e  time 
eggs were c o l le c te d  fo r  brood ( b ) . T h is  i s  c o n s is te n t  w ith  the  c o n t ro l  
d a ta  o f  Uchida and the d a ta  o b ta in e d  by R oberts  (1963) and K e l s a l l  (1963) 
which in d i c a te d  a f lu c tu a t io n  in  spon taneous primary n o n d is ju n c t io n  r a t e s  
in  n o n - t r e a te d ,  aged. D rosoph ila  fem ales .  Uchida (1962) re p o r te d  the  h ig h ­
e s t  r a t e  of n o n d is ju n c t io n  in  n o n - t r e a te d  fem ales aged 7 days. While the  
tendency in  prim ary  n o n d is ju n c t io n  r a t e s  in  t h i s  s tudy i s  c o n s i s t e n t  w ith  
o th e r  s t u d i e s ,  the o v e r a l l  r a t e s  f o r  t r a n s f e r s  o r  broods a ,  b and c combined 
h e re in  (1 /3 6 1 ) ,  a re  somewhat h ig h e r  than those  repo rted  by Uchida (about 
1 /1400),  K e l s a l l  (about 1/2300 e x c e p t io n s  from XX eggs and 1/960 e x ce p tio n s  
from n u llo -X  eggs) and Bridges (about 1 /2000 ) ,  bu t not as h igh  as  r e p o r te d  
by R oberts  (1963) who used fem ales c a r ry in g  in v e rs io n s  on the  X chromosomes 
and which were a lso  in v e rs io n  h e te ro z y g o te s  f o r  chromosomes I I  and I I I .
Temperature f l u c t u a t i o n  in  n o t  b e l ie v e d  to  g re a t ly  a f f e c t  th e  non­
d i s ju n c t io n  r a t e s  h e re in  s in c e  the c o n t ro l  and t r e a te d  p a re n ts  were always 
a t  the same tem pera tu re  and a t  no tim e were th e  p a ren ts  s u b je c te d  to  a temp­
e r a t u r e  lower than 22°C o r  h ig h e r  than  27°C.
I n  view of the r e l a t i v e l y  h igh  r a t e  o f  primary n o n d is ju n c t io n  i n  the 
c o n t ro l s  and a l s o  in  the f l i e s  s u b je c te d  to  e l e c t r o s t a t i c  f i e l d s ,  s e v e r a l  
la rv a e  were taken  from the  s to ck  c u l tu r e s  p e r io d i c a l l y  and s a l i v a r y  gland
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chromosome smears made fo r  the  purpose o f  looking f o r  any chromosome 
s t r u c t u r a l  a b e r r a t i o n s  which might in c re a s e  the  r a t e  of primary non­
d i s ju n c t io n .  At no time were any i d e n t i f i e d .  The s to c k s  from which the 
p a r e n t s  fo r  c ro s s in g  were o b ta in ed  were der ived  from a s in g le  p a i r  of 
f l i e s  fo r  each p a r e n t a l  l i n e .  I f  any chromosomal a b e r r a t io n s  had been 
p r e s e n t  they would have been in  a l l  of th e  progeny. The p resence o f  in v e r ­
s io n s ,  d e le t io n s  o r  t r a n s lo c a t io n s  in  the  p a re n ts  can ap p a re n t ly  be ru le d  
o u t ,  u n le ss  any one type was too  small to  be d e t e c te d  by m icroscop ic  exam­
in a t i o n .
F l i e s  whose chromosomes a re  s t r u c t u r a l l y  he terozygous show an i n ­
c re a se  in  the  r a t e  o f  primary n o n d is ju n c t io n .  Morgan and S tu r te v a n t  (1944) 
r e p o r te d  t h a t  fem ales heterozygous fo r  one in v e rs io n  in  th e  X chromosome 
and one o th e r  i n  th e  autosomes produced more p r im ary  excep tions  th an  females 
he terozygous f o r  only  an X chromosome in v e r s io n .  T h is  was confirmed by 
Cooper e t .  a l . ,  (1955) when they found th a t  s e v e r a l  d i f f e r e n t  s e x - l in k e d  
and autosom al in v e rs io n s  in c re a s e d  n o n d is ju n c t io n  o f  the s t r u c t u r a l l y  h e t e r o ­
zygous X chromosomes. They re p o r te d  the g r e a t e s t  prim ary  n o n d is ju n c t io n  
r a t e  i s  in  females which were s t r u c t u r a l l y  heterozygous f o r  the sex  chromo­
somes and bo th  m ajor autosomes. These two groups o f  i n v e s t ig a to r s  found 
eq u a l  numbers of e x c e p t io n a l  females and males when one X chromosome and 
one autosome c a r r i e d  in v e rs io n s  w hile  S tu r te v a n t  and Beadle (1936) r e p o r te d  
th a t  c o n s id e ra b ly  g r e a t e r  numbers of e x c e p t io n a l  m ales than  e x c e p t io n a l  
fem ales  were produced from fem ales w ith  c e r t a i n  s e x - l in k e d  in v e rs io n s .  They 
sugges ted  t h a t  the e x c e p t io n a l  males a re  due to  4 s t r a n d  double c ro s s in g  
over in  the  in v e r s io n  loop o f  th e  X chromosomes and a l s o  n o n d is ju n c t io n  of 
the  X 's ,  th u s ,  s in c e  two even ts  could give r i s e  to  XO males th e re  would be
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a g r e a t e r  number of such r-a le s .  The fem a les ,  on the  o ther hand, would be 
the r e s u l t  of n o n d is ju n c t io n  o n ly .
Forbes (1962) su g g es ts  the  e q u a l i t y  of excep tions  o b ta in ed  by 
Morgan and S tu r te v a n t  and Cooper e t .  a l . ,  when working with autosom al i n ­
v e r s io n s  might be the  r e s u l t  o f  double c ro s s in g  over in  the X chromosomes 
of the  females o ccu ring  in  such a low frequency t h a t  the number o f  p a t r o ­
c l in o u s  males r e s u l t i n g  from t h i s  phenomenon was too  few to  a f f e c t  th e  sex 
r a t i o  observed . N ond is junc tion  would th u s  be assumed to  be th e  cause  of 
e x c e p t io n a l  males and females and e q u a l i ty  of excep tio n s  would be e v id e n t .  
However, in  h i s  s tu d ie s  Forbes (1960, 1962) r e p o r te d  a g r e a t e r  number o f  
ex ce p tio n s  when one X and one autosome c a r r i e d  an in v e rs io n  a s  compared to  
fem ales heterozygous f o r  a s e x - l in k e d  in v e rs io n  and both autosom es. He 
r e p o r t s  th a t  the type o f  s e x - l in k e d  in v e rs io n s  used in f lu e n c e s  th e  number of 
e x c e p t io n a l  progeny and th a t  th e  number o f  male excep tions  exceeds t h a t  of 
fem ales . He su g g es ts  t h a t  the excess  of e x c e p t io n a l  males i s  due to  the  
frequency of fo u r  s t r a n d  double c ro s so v e rs  in  the  in v e rs io n  loop . S ince 
double c ro s so v e rs  i n  some s e x - l in k e d  in v e rs io n s  occur more f r e q u e n t ly  than  
in  o th e r s  t h i s  would e x p la in  th e  d i f f e r e n c e  in  th e  number o f  e x c e p t io n a l  
males depending on the  type of s e x - l in k e d  in v e rs io n  p re s e n t .  Like Cooper 
e t .  a l . ,  he su g g e s ts  t h a t  nonhomologous p a i r i n g  le a d s  to prim ary n o n d is ­
ju n c t io n .  The r e s u l t s  o f  Forbes confirm  the  h y po thes is  of Sand le r  and 
N o v itsk i  (1956) and Cooper e t .  a l . ,  (1955) th a t  nonhomologous p a i r i n g  of 
chromosomes i s  the mechanism o f  prim ary n o n d is ju n c t io n .  This mechanism i s  
aga in  suggested  by G r e l l  (1957, 1959) and Oksala (1958) who assumed t h a t  
nonhomologous p a i r i n g  took p la c e  between th e  Y chromosome and o th e r  autosomes 
when they found nonrandom asso r tm en t between the autosomes and the  Y chromo-
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some.
S tu r te v a n t  (1929) found t h a t  an extreme example of X chromosome 
lo s s  was a s s o c ia te d  with the  c l a r e t  mutant s to ck  o f  D̂ . s im ulans which gave 
about 50% e x c e p t io n a l  sons and 6% e x c e p t io n a l  d a u g h te r s .  Sometime l a t e r  
Wald (1936) examined f e r t i l i z e d  eggs o f  c l a r e t  fem ales and found th a t  a t  
the end of the f i r s t  m eio tic  d iv i s i o n  the chromosomes were w idely  sep a ra ted  
from one an o th e r  a t  the po le s  and t h a t  the second m e io t ic  d iv i s io n  o f ten  
d id  no t o ccu r .  This gave some c e l l s  w ith  l e s s  than a h a p lo id  s e t  of 
chromosomes. Lewis and G en ca re l la  (1952) and Davis (1969) a lso  r e p o r t  a 
genic c o n t ro l  o f  primary n o n d is ju n c t io n  and chromosome lo s s  by the  in f lu e n c e  
of the  c l a r e t - n o n d i s ju n c t io n a l  mutant in  D. m e la n o g a s te r . Davis in d ic a te s  
th a t  n o n d is ju n c t io n  o f  chromosomes in  females p robab ly  occurs only in  
m eiosis  I ,  never in  m eiosis  I I .
A se x - l in k e d  mutant, m aro o n - l ik e ,  lo c a te d  in  the  proxim al euchromatin 
of the chromosome causes a h igh  in c id en ce  of X chromosome lo s s  and when 
p re se n t  w ith  d i f f e r i n g  g e n e t ic  backgrounds produces d i f f e r i n g  l e v e l s  of X 
chromosome lo s s  o r  n o n d is ju n c t io n  ( S p ie l e r ,  1961, 1963; Thompson, 1962).
The induc ing  phenomena a c t  only  in  females and n o t  in  m ales .
N on-sex-linked  gen ic  c o n t ro l  of n o n d is ju n c t io n  has been repo rted  
by Sandle r  e t .  a l . ,  (1968) when s tu d y in g  a number o f  m e io t ic  mutants on 
chromosome I I  and I I I  found in  n a t u r a l  p o p u la tio n s  o f  D ro so p h i la . They found 
mutants which when homozygous r e s u l t e d  in  i r r e g u l a r  s e g re g a t io n  of the sex 
and fo u r th  chromosomes in  fem ales ,  caused h igh  n o n d is ju n c t io n  of the fo u r th  
chromosome in  males and caused high  n o n d is ju n c t io n  in  the  second m eio tic  
d iv i s io n  o f  bo th  sexes .  A s e g r e t a t i o n  d i s to r t e d  (SD) gene was a lso  found.
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I t  seems p o s s ib le ,  t h e r e f o r e ,  t h a t  the r e l a t i v e l y  h igh  r a t e  of 
prim ary n o n d is ju n c t io n  noted in  th i s  s tudy  could be due to  th e  g e n e t ic  
c o n s t i t u t i o n  of the p a re n t s .  There does seem to  be a c l e a r  in d i c a t i o n  th a t  
prim ary  n o n d is ju n c t io n  was more f re q u e n t  in  female than male p a r e n t s ,  each 
o f  which had a  d i f f e r e n t  g en e t ic  c o n s t i t u t i o n  and a lso  a  d i f f e r e n t  k ind 
o f  m eiosis  ( th e r e  i s  no c ro ss in g  over in  m ales) ,  a lthough  a  h ig h e r  r a t e  in  
fem ales was n o t  found in  every experim en t.  Because no in v e rs io n s  were known 
to  be p re s e n t  in  e i t h e r  pa ren t  t h i s  f a c t o r  can be ru le d  o u t ,  a s  f a r  as  can 
be  de term ined , as  a cause of the  in c re a s e d  r a t e .
A nother f a c t o r  which might be invo lved  i s  th e  hum idity  to  which th e  
p a re n t  f l i e s  were su b jec ted  during  t h e i r  mating p e r io d .  P a re n ts  t r e a t e d  
w ith  0.3 kV/cm e l e c t r o s t a t i c  f i e l d  and a l s o  the c o n t ro l  groups were mated in  
b o t t l e s  which were capped w ith  rubber  s to p p e r s .  There was every  in d i c a t i o n  
t h a t  the hum idity  in  th e  b o t t l e s  was somewhat h ig h e r  than when b o t t l e s  were 
s to p p ered  w ith  paper caps although th e  hum idity  would be even q u i t e  high 
i n  b o t t l e s  of th e  l a t t e r  type . The hum idity  v a r i a t i o n  could be ru le d  out 
a lm ost com plete ly  because the r a t e  o f  prim ary n o n d is ju n c t io n  was about the  
same in  p a re n ts  s u b je c te d  to  a 3 kV/cm e l e c t r o s t a t i c  f i e l d  which were mated 
i n  v i a l s  s to p p e red  w ith  co tton  p lugs ( in  which the hum idity  would be compar­
a t i v e l y  low) as  in  p a re n ts  mated in  the  b o t t l e s  s to p p ered  w ith  rubber  p lugs  
and su b jec ted  to a  0 .3  kV/cm f i e l d .
There i s  no in d i c a t io n  th a t  any fo rce  e x e r ted  on the p a re n t  f l i e s  
by the e l e c t r i c a l  f i e l d  has any e f f e c t  on the prim ary n o n d is ju n c t io n  r a t e s  
i n  females and m ales.
CONCLUSIONS
The in f lu e n c e  o f  e l e c t r o s t a t i c  f i e l d s  on p r im ary  n o n d is ju n c t io n  in
D,. m e lanogas te r  was s tu d ie d .  R esu l ts  o b ta in ed  i n d i c a t e  t h a t :
(a )  a  3 kV/cm homogeneous or inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  
f i e l d  does n o t  a f f e c t  the r a t e  o f  prim ary  n o n d is ju n c t io n  in  males and 
fem ales;
(b) a 0 .3  kV/cm inhomogeneous, ( - )  o r  (+) p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d  
does n o t  a f f e c t  th e  r a t e  of prim ary n o n d is ju n c t io n  in  males and females.
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CHAPTER IV
NONDISJTJNCTION OF THE FOURTH CHROMOSOME 
OF DROSOPHILA MELANOGASTER MALES
METHODS AND MATERIALS
A D ro so p h ila  m e lan o g as te r  s to c k  c a r ry in g  th e  mutants c iP  (0 .0 )  and 
(2 . 0 ) lo c a te d  on s e p a r a t e  homologs o f  chromosome fo u r  was o b ta in ed  from 
Oak Ridge N a tio n a l  L ab o ra to ry .  A s to c k  was made is o g e n ic  fo r  chromosomes 
I I  and I I I  by th e  fo llo w in g  c r o s s e s ,  c i^ /e y ^  v i r g i n  females were mated to  
Gy/Pm; D/Sb m ales .  Fĵ  Cy/+; ^ /+ ;  ey^ /+  and Cy/+; D^/+; c i^ /+  females were 
in d iv id u a l ly  b ack -c ro ssed  to  Cy/Pm; D/Sb m ales. F2 Cy/Pm; D/Sb; ey^/+ 
females were in d iv id u a l ly  mated to  F2 Cy/+; D/+; c i ^ /+ s in g le  m a le s . F^ 
Cy/+; D/+; c i ^ /ey^  fem ales were in d iv id u a l ly  mated to  F^ in d iv id u a l  males 
o f  th e  same genotype. F^ c i^ /e v ^  males and v i r g in  fem ales were s e le c te d  
and mated to  p rov ide  an is o g e n ic  s to c k .
Three iso g en ic  w i ld  type females 3 days o ld  were mated i n  1/4 p in t  
b o t t l e s  t o  6 c i  /ey^ i s o g e n ic  males 6 days o ld  a t  th e  time of m ating . The 
experim en ta l  f l i e s  were s u b je c te d  t o  a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r ­
i t y ,  e l e c t r o s t a t i c  f i e l d  f o r  a t o t a l  of 8-9 days. In  t h i s  experim ent the  
f l i e s  were p r e - t r e a t e d  f o r  2 days p r i o r  to  the  f i r s t  t r a n s f e r .
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RESULTS
Table 24 shows the  r e s u l t s  o f  a s tudy  on n o n d is ju n c t io n  of the 
fo u r th  chromosome in  D̂. m elanogaste r  males s u b je c te d  to  a 0 .3  kV/cm 
inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d .
TABLE 24
Frequency of chromosome IV n o n d is ju n c t io n  and number of r e g ­
u l a r  and e x c e p t io n a l  progeny from n o n d is ju n c t io n  in  c i  /e y  
males s u b je c te d  to  a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,  
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TABLE 2 4 - - C o n t i n u e d
T o ta l
r e g u la r Per cen t
Treatment progeny N n o n d is ju n c t io n
0 .3  kV/cm 8546 70 0.071 (1/1425)
C ontro l 16998 121 0.052 (1/1889)
N = number of b o t t l e s  ( c u l tu r e s )
N ond is junction  in  c iP /ey^  males mated to  w i ld  type females would 
produce e x c e p t io n a l  c i^ /e y ^ /+  males and females and +/0 e x ce p tio n a l  males 
and fem ales .  The former would be t r i p lo - I V  progeny and the  l a t t e r  would 
be hap lo -IV  progeny. The r a t e  o f  e x c e p tio n a l  progeny combined from 
t r e a t e d  males was 1/1425 bu t the r a t e  of t r i p l o - I V  ex ce p tio n s  was 1/4274 
and the  r a t e  o f  haplo-IV progeny from the t r e a t e d  males was 1/2138.
The combined r a t e  o f  excep tio n a l  progeny from th e  c o n t ro l  males was 1/1889. 
The r a t e  o f  hap lo-IV  progeny from the  c o n t ro l  males was very  c lose  
(1/2834) to  t h a t  in  experim ental m a les .  The r a t e  o f  t r i p l o - I V  progeny from 
the  c o n t ro l  males was 1/5667, very  c lo se  to  the  ex perim en ta l  r a t e .  The 
combined r a t e s  of n o n d is ju n c t io n  o f  the  fo u r th  chromosomes in  c o n t ro l  and 
t r e a t e d  males were very s im i l a r  and the  d i f f e r e n c e s  in  r a t e s  were nonsig ­
n i f i c a n t .
I t  was c o n s is te n t ly  noted in  the t r e a t e d  and c o n t ro l  groups th a t  
th e re  were fewer progeny c a r ry in g  the  ey^ mutant th a n  progeny c a r ry in g  the  
c i^  m utan t.  There were c o n s i s t e n t ly  more females than males o f  each mutant 
ty p e .
DISCUSSION
N ond is ju n c t io n  of the  autosomes may a lso  occu r  but aneuplo idy  fo r  
e i t h e r  of the m ajor autosomes o f  D̂. m elanogaster would r e s u l t  i n  an in v ia b le  
zygote. N o n d is ju n c t io n  of the  sm all fo u r th  chromosome may o ccu r ,  however, 
and r e s u l t  in  v i a b l e  progeny.
F l i e s  which have only one fo u rth  chromosome (haplo-IV Type) a re  
c a l l e d  "Diminished" (Morgan, Bridges and S tu r te v a n t ,  1925) and a re  charac­
t e r i z e d  by a s m a l le r  body s i z e ,  r e l a t i v e l y  s h o r te r  and more s le n d e r  b r i s t l e s ,  
p a l e r  body c o lo r ,  d a rk e r  thorax  p a t t e r n ,  l a rg e r  and rounder eyes bu t w ith  
sm a l le r  h a i r s ,  reduced  or ab sen t  a r i s t a e  and wings s l i g h t l y  sp read  a p a r t  
and b lu n t e r  and c lo u d ie r  in  t e x tu re .  F l i e s  o f  t h i s  type a re  l e s s  v ia b le  
and f e r t i l e  and g e n e r a l ly  emerge four to f iv e  days l a t e r  than w ild  type 
s i b s .  A n o n d is ju n c t io n  even t which g ives r i s e  to  a  n u llo -IV  gamete could 
a lso  give r i s e  to  a  d ip Io -IV  gamete which when f e r t i l i z e d  by a mono-IV sperm 
would give r i s e  to  a  t r i p lo - I V  zygote. F l i e s  of t h i s  type a re  d i s t in g u is h e d  
by r e l a t i v e l y  narrow , p o in ted  wings, of c l e a r  t e x tu r e  and he ld  c lo se  to ­
g e th e r ,  w ith a dark  body c o lo r ,  whose t r i d e n t  p a t t e r n  i s  l e s s  developed and 
which have c o a r s e r  b r i s t l e s .  The v i a b i l i t y  o f  t r i p lo - I V  f l i e s  i s  a p p a re n t ly  
comparable to  t h a t  of d ip lo-IV  f l i e s .
By us ing  m ales w ith  g en e t ic  markers on both  homologues o f  chromosome 
IV i t  was p o s s ib le  to  d i s t i n g u i s h  hap lo-  and t r i p lo - I V  progeny i n  t h i s  s tu d y .
Morgan e t .  a l . ,  (1925) reported  a frequency o f  p roduc tion  o f  haplo-IV
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gametes of about 1/2000 w hereas Hanks (1968) ob ta ined  a frequency  of about 
1 /1370. There r a t e s  are  c lo s e  to  th e  r a t e s  o b ta ined  from th e  c o n t ro l  males 
(1 /2834) and from t r e a te d  m ales  (1 /2138) used in  t h i s  s tu d y .  The d i f f e r e n c e  
in  the  r a te s  of haplo-IV  progeny reco rded  in  t h i s  s tu d y  was n o t  s i g n i f i c a n t  
though. The frequency o f  t r i p l o - I V  progeny from t r e a t e d  males (1 /4274) 
was v e ry  s im i la r  to  the frequency  from c o n t ro l  males (1 /5667 ) .
G re ll  (1964) r e p o r t s  t h a t  n o n -c ro s s -o v e r  number fo u r  chromosomes 
s e g re g a te  by d i s t r i b u t i v e  p a i r i n g  depending upon th e  s i z e  o f  th e  chromosomes. 
She found th a t  by adding f r e e  X d u p l i c a t i o n s ,  ( rang ing  in  s i z e  from " l e s s  
th a n  o r  equal to "  0 .3  to  3 .3  t im es  th e  le n g th  o f  chromosome f o u r ) ,  to  the 
genome o f  d ip lo id  D. m e lanogas te r  females th e re  was an in c re a s e  o f  nonhom- 
o logons p a i r in g  o f  the fo u rs  w ith  th e  X d u p l i c a t io n  when th e  d u p l i c a t i o n  
was th e  same s i z e  as the  f o u r .
Chromosome four marked males were used in  t h i s  s tudy  to  in s u re  
a g a in s t  c ro ssover  chromosome IV gametes be ing  c l a s s i f i e d  as n o n d is ju n c t io n  
p ro d u c ts .  T h e re fo re ,  the r a t e  no ted  h e re in  i s  a good in d i c a t i o n  o f  th e  
frequency  of n o n d is ju n c t io n  o f  the  TV's in  D. m elanogaste r  ( c i ^ /ey ^ )  m a les .  
Chromosome movement du ring  m e io s is  in  c i^ /e y ^  males does n o t  appear to  be 
in f lu en ced  by th e  force  produced by an inhomogeneous e l e c t r o s t a t i c  f i e l d  
o f  0 .3  kV/cm.
CONCLUSIONS
The in f lu e n c e  of an e l e c t r o s t a t i c  f i e l d  on n o n d is ju n c t io n  of chromo­
some IV in  D. m e lanogas te r  was s tu d ie d .  R esu lts  in d i c a t e  th a t  a  0 .3  kV/cm 
inhomogeneous , ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d  does n o t  a f f e c t  the  r a t e  
o f  n o n d is ju n c t io n  o f  the  sm all  f o u r th  chromosome in  D̂. m e lanogas te r  m a les .
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CHAPTER V
CROSSING OVER IN THE X CHROMOSOME 
AND CHROMOSOME II
METHODS AND MATERIALS
A s to c k  o f  2  ( 1 - 0 .0 ) ,  w® ( 1 - 1 .5 ) ,  s p l  ( 1 - 3 .0 ) ,  rb (1 -7 .5 )  was used 
to  fo llow  c ro s s in g  over in  the  d i s t a l  end o f  the X chromosome and a s to ck  
of m (1 -3 6 .1 ) ,  ^  ( 1 -5 6 .7 ) ,  c a r  (1 -6 2 .5 )  was used to  fo llow  c ro s s in g  over 
in  the  reg io n  more proxim al to  the  centromere of m e la n o g a s te r . The 
m utants ^  (2 -4 8 .5 ) ,  cn (2 -5 7 .5 ) ,  c_ (2 -7 5 .5 ) ,  W  (2 -104 .5 )  were used to  no te  
c ro s s in g  over n e a r  th e  centrom ere and in  the  r i g h t  arm of chromosome I I .
X chromosome marker s to c k s  were made co - iso g e n ic  fo r  chromosomes 
I I  and I I I  by th e  fo l lo w in g  mating p rocedure .  Canton-S w ild  type v i r g i n  
fem ales were mated to  Cy/Pm; D/Sb males. Cy/+; males were in d iv id ­
u a l ly  mated to  Cy/Pm; D/Sb f e m a le s . F2 Cy/+; £ /+  males and females were 
s e le c te d  from an in d iv id u a l  v i a l  o r  b o t t l e  and mated to  produce a s to c k  of 
an iso g e n ic  w ild  type s to c k .
Homozygous w^ ^_1 v i r g i n  females were mated to  Cy/Pm; D/Sb 
m a les .  F^ 2  s p l  r b /+ + + +; Cy/+; £ /+  females were in d iv id u a l ly  back- 
c ro s se d .  F2 2  2^  s p l  r b / + + + +; Cy/Pm; D/Sb fem ales were in d iv id u a l ly  
mated to  b r o th e r s  of the  same genotype. F^ 2  s p l  r b /y w^ s p l  r b ; Cy/Pm; 
D/Sb fem ales  were mated to  t h e i r  2  ^  s p l  r b / Y; Cy/Pm; D/Sb b r o th e r s .
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From t h i s  c ro ss  a  s to c k  of i .  s p l  r b / y s p l  rb ;  Cy/Pm; D/Sb females
and % s p l  r b / Y; Cy/Pm; D/Sb males was o b ta in e d .  V irg in  females from 
t h i s  s to c k  were mated t o  is o g e n ic  w ild  type m ales .  %w^^ s p l  r b /+ + + +; 
Cy/+; D/+ fem ales were mated to  b ro th e rs  o f  th e  same geno type . A s tock  
o f  2  s p l  rb  females and males was obta ined which was c o - iso g e n ic  w ith  
th e  w ild  type s to c k  f o r  chromosomes I I  and I I I ,
The same m ating procedure  was used to  produce a  c o - is o g e n ic  s tock  
o f  homozygous m ^  car  s to c k .
A homozygous s to c k  of ^  cn £  c o - is o g e n ic  w ith  a  w ild  type s tock  
f o r  chromosme I I ,  was s y n th e s iz e d  by the fo llo w in g  m ating p ro ced u re .  V irg in  
k  cn £  W  fem ales were mated to  Cy/Pm; D/Sb m a les .  F \  ^ Ç n  c. bw/Cy; D/+ 
fem ales were i n d i v id u a l ly  back -c ro ssed  to Cy/Pm; D/Sb m a les .  F2 b cn c bw/Cy;
D/+ females were mated to  t h e i r  b cn c bw/Cy; +/Sb b r o t h e r s .  F g b cn c bw/
b cn c bw; D/Sb fem ales were in d iv id u a l ly  mated to  i s o g e n ic  w ild  type males. 
F^ b cn c bw/+ -f -t- +; ^ / +  fem ales were mated to  b r o th e r s  o f  th e  same genotype. 
Homozygous ^  cn £  ^  males and females were s e le c te d  i n  the F^ progeny and 
a  s to c k  made.
In  a l l  c ro s s o v e r  experim ents invo lv ing  mutants on th e  X chromosome 
v i r g i n  mutant females were c o l le c t e d  and mated in  1/2 p i n t  b o t t l e s  to  w ild  
type m ales . The p a r e n t s  were dumped a f t e r  6 days . The F^ progeny were c 
c o l l e c t e d  as they  e c lo se d  and were he ld  fo r  3 days. Females and males were 
l i g h t l y  e th e r iz e d  and in d iv id u a l  females were p laced  in  v i a l s  w ith  2-3  of 
t h e i r  b r o th e r s .  The x F^ p a re n ts  were s u b je c te d  to  an e l e c t r o s t a t i c  f i e l d  
o f  ( - )  or (+) p o l a r i t y  o r  to  a  m agnetic f i e l d  as i n d i c a te d .  The magnetic
f i e l d s  were produced by a Harvey-W ells, model HS-1365B, e lec trom agne t w ith
7 .7  cm d iam eter  p o le  f a c e s .  The e lectrom agnet was w a te r  cooled and could
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o p e ra te  a t  0-65 D.C. amperes and 0-135 D.C. v o l t s .  The i n t e r - p o le  face  
d i s ta n c e  was 3 .8  cm.
During th e  cold  weather months the  tem perature between the pole  
p ie c e s  could be r e g u la te d  q u i te  w e l l  by c o n t ro l l i n g  the w ater  flow around 
the  p o le s .  During the  ho t weather season  the  f i e l d  s t r e n g th  could n o t  be 
e le v a te d  g r e a t ly  fo r  the  w ater tem pera tu re  was no t low enough to  promote 
s u f f i c i e n t  coo ling  o f  the po le  p ie c e s  and in c re a se s  in  tem perature  between 
the  p o le s  had to  be watched very  c a r e f u l l y .  Temperature ranges during  
t re a tm e n t  a re  no ted  in  the a p p ro p r ia te  methods and m a te r ia ls  o r  i n  the  
r e s u l t s .
Three 8 dram s h e l l  v i a l s ,  s to p p e red  w ith  c o t to n ,  were p o s i t io n e d  
between the p o le s  o f  the magnet. A p ie c e  o f  styrofoam was cut and h o le s  
punched in to  i t  so th a t  the th re e  v i a l s  were always p o s i t io n e d  in  the  same 
s i t e  a f t e r  a t r a n s f e r  was made. A f te r  i n i t i a l l y  being  p laced  in  th e  mag­
n e t i c  f i e l d  the  p a re n ts  were removed only long enough to  be t r a n s f e r r e d  
to  f r e s h  food v i a l s .  This was no lo n g e r  than 3 minutes f o r  each t r a n s f e r  
g roup .
A c e n t ig ra d e  thermometer was p o s i t io n e d  in  the c e n te r  of th e  space 
between the po le  p ie c e s  of th e  magnet and a thermometer was p o s i t io n e d
above th e  c o n t ro l  group as w e ll .
The p a re n ts  were p r e - t r e a t e d  in  the f i e l d  fo r  two days p r io r  to  
t r a n s f e r .
In  a l l  c ro ss  over experim ents in v o lv in g  the second chromosome 
homozygous mutant v i r g i n  females were mated In  1/2 p in t  b o t t l e s  to  w ild
t>T>e m ales. The p a re n ts  were d isca rd e d  a f t e r  s ix  days. As the  F j  began
to e c lo se  the  females were c o l le c te d  a s  v i rg in s  and he ld  f o r  3 days. Three
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day o ld  females were used because  p re l im in a ry  s tu d ie s  showed th a t  the  g r e a t ­
e s t  number of progeny r e s u l t e d  from females o f  t h i s  age b e fo re  m a ting . In 
a d d i t io n  i f  any females were n o n - v i r g in ,  la rv a e  could  be d e te c te d  in  th e  
h o ld in g  v i a l s  by a t  l e a s t  the  end of the  t h i r d  day. I f  any la rv a e  were noted 
no females being  held  in  t h a t  v i a l  were used. The he te rozygous  fem ales  were 
l i g h t l y  e th e r iz e d  and in d iv id u a l ly  mated in  v i a l s  to  2-3 _b cn ĉ  W  homozy­
gous males and p laced  in  the  t re a tm e n t  f i e l d  w i th in  no more than 30 m inutes 
a f t e r  mating.
The males came from s to c k  c u l tu r e s  of b cn c bw, from which th e  
o r i g i n a l  v i r g i n  b cn c bw homozygous females were c o l l e c t e d .
The same t r a n s f e r  p rocedu re  as  p re v io u s ly  d e s c r ib e d  was fo llow ed . 
A f te r  t r a n s f e r  th e  v i a l s  were p la ced  in  an in c u b a to r  a t  25 ± 1°C. As the 
progeny began to  e c lo se  c l a s s i f i c a t i o n  and coun ting  were c a r r i e d  ou t  on 
the progeny of each v i a l .
RESULTS
C rossing  Over i n  the D i s t a l  End 
of the X Chromosome
The number of p a r e n t a l  and recom binant types from ^  s p l  r b /
+ + + ^  fem ales su b je c te d  to a  0 .3  kV/cm inhomogeneous, ( - )  o r  (+) p o l a r i t y ,  
e l e c t r o s t a t i c  f i e l d  a re  shown in  Tables 25 and 26 r e s p e c t i v e l y .  There i s
TABLE 25
C rossing  over  in  y s p l  rb /+  + + + fem ales s u b je c te d  to  a 
0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d
Region Phenotype
F ie ld C on tro l
Eq y s p l  rb 808 766 1264 1276
+ 914 919 1362 1358
Gl_l y 19 24 30 27w^ s p l  rb 17 19 29 20
Cl_2
ay w 15 14 20 12
s p l  rb 5 25 16 20
E,_ . y s p l 25 34 50 68
rb 43 39 67 67
T o ta ls








a g e n e ra l  tendency th a t  the  more mutants the f ly  c a r r i e s  th e  fewer the 
number o f  progeny of t h a t  ty p e .  There a re  some e x c e p tio n s  to  t h i s ,  however, 
as  n o ted  in  the d a ta .
S ing le  c ro s s -o v e rs  a r e  r e p re s e n te d  by E^, doubles by Eg and t r i p l e s  
by E^. The number fo llow ing  the  s u b s c r ip t  in d i c a te s  th e  c ro s s -o v e r  reg ion  
between the  two m arkers ,  i . e . ,  E^-l r e p re s e n ts  a  s in g le  c ro s s -o v e r  between 
the  f i r s t  two m arkers on th e  chromosome.
TABLE 26
C rossing  over in  y w^ s p l  rb /+  + + + females s u b je c te d  to  a 
0 .3  kV/cm inhomogeneous, (+) p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d
Region Phenotype
F ie ld C on tro l
EO y w^ s p l  rb 446 484 1440 1310+ 430 453 1500 1530
Ei-1 y 13 12 43 28
w^ s p l  rb 13 11 32 31
E l-2 y w^ 7 1 19 13
s p l  rb 10 5 16 19
El-3 y w^ s p l 33 19 86 74rb 29 24 63 61
T o ta ls






The c ro s s in g  over frequency  was s l i g h t l y  h ig h e r  in  reg io n  1 
(y  -  w^) and re g io n  2 (w® -  s p l )  o f  females su b je c te d  to  a  ( - )  p o l a r i t y  
f i e l d ,  however, lower in  re g io n  3 ( s p l  -  rb ) when compared to th e  c o n t ro l
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group. The recom bination  frequency in  females sub jec ted  to  the (+) p o l a r i t y  
f i e l d  was s l i g h t l y  h ig h e r  in  reg ions  1, 2 and 3 when compared to the  c o n t ro l  
group (Table  27 ).
TABLE 27
C ro ss-ove r  v a lu es  (with s tan d a rd  e r r o r s )  from y w  ̂ s p l  rb /+  + +  + 
fem ales s u b je c te d  to  0 .3  kV/cm inhomogeneous e l e c t r o s t a t i c  f i e l d
Treatment N y ■
a- w
REGION 
w^ -  sp l s p l  - rb
( - )  F ie ld 9 2.06 ± 0.34 1.58 ± 0.12 3 .75  ± 0.43
C on tro l 16 1.84 ± 0.21 1.21 ± 0.18 4 .54  ± 0 .34
P - - -
(+) F ie ld 14 2.87  ± 0.67 1.58 ± 0.45 4 .73  ± 0.55
C on tro l 26 2.10 ± 0.18 1.41 ± 0.18 4 .63  ± 0.25
P - - -
* in d i c a te s  s ig n i f ic a n c e  a t  .05 le v e l  
N = number o f  females te s t e d
C rossing  Over in  Proximal Region 
o f  ^  Chromosome
Table 28 shows the recombinant types  from in ^  c a r /+ + + fem ales sub­
j e c t e d  to  0 .3  kV/cm inhomogeneous, ( - )  and (+) p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d s .  
The mutant markers a re  in  the proxim al h a l f  of th e  chromosome, w ith  f  and 
c a r  n e a r  the  centrom ere . There are  a  s i g n i f i c a n t l y  g r e a t e r  number o f  f e ­
males than males in  th e  c o n t ro l  group and the group s u b je c te d  to th e  (+)
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p o l a r i t y  f i e l d  a l th o u g h  a s ig n i f i c a n t  d i f f e re n c e  i s  n o t  found in  the  group 
s u b je c te d  to  th e  ( - )  p o l a r i t y  f i e l d .  There i s ,  as one might ex p ec t ,  a 
tendency fo r  th e  number o f  f l i e s  ca rry ing  the  g r e a t e s t  number of mutants 
to be l e s s  than the  number of f l i e s  w ith  few m utan ts .
TABLE 28
Crossing over i n  m f  c a r /+  + + females su b je c te d  to 0 .3  kV/cm inhomogeneous,
e l e c t r o s t a t i c  f i e l d s
Region Phenotype
C ontro l (•
??
-) F ie ld (+) F ie ld
m f  ca r 857 578 301 288 403 279
+ 990 1050 371 344 441 381
m 228 207 99 83 114 92
f ca r 213 179 92 73 102 59
m f 59 60 22 8 18 14
c a r 54 69 31 21 27 24
E2- 1,2 m c a r 1 1 0 1 3 1
f 2 2 1 0 3 1
To t a l s  








The recom bination  frequency in  reg ion  1 (m -  f)  was very s l i g h t l y  
h ighe r  in  females s u b je c te d  to  the (-) or (+) p o l a r i t y  f i e l d  as compared 
to  the c o n t ro l  fem ales w hile  in  region 2 ( f  -  c a r)  i t  was lower in  the 
t r e a te d  females than in  the c o n t ro l  females (Table 2 9 ) .  None of these 
d i f f e r e n c e s  a re  s i g n i f i c a n t .
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TABLE 29
C ro ss-o v e r  v a lu es  (with s tan d ard  e r r o r s )  from 
m f  c a r /+  + + fem ales . E l e c t r o s t a t i c  f i e l d  of
0 .3  kV/cm
REGION
Treatment N m -  f f -  c a r
( - )  F ie ld  8 20.12 ± 0.62 5.02 ± 0 .47
(+) F ie ld  8 19.33 ± 1.26 4.78 ± 0 .63
C on tro l 18 18.33 ± 0 .70  5.22 ± 0 .37
* in d i c a t e s  s ig n i f ic a n c e  a t  .05 l e v e l  
N = number of females t e s t e d
C ross ing  Over in  Chromosome I I  
The number of p a r e n t a l  and recombinant type  progeny r e s u l t i n g  from 
c ro ss in g  over in  chromosome I I  of b cn c bw/+ + + + females s u b je c te d  to  
a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d  i s  shown in  
Table 30. As no ted  in  the p rev ious  experim ents th e re  i s  a  g enera l tendency 
th a t  the more m utants the f l y  i s  ca rry in g  the fewer the  number of t h a t  type 
of progeny reco v e red .  T h is ,  in  f a c t ,  was c o n s i s t e n t l y  found in  the  c r o s s ­
over s tu d ie s .  I t  can be n o ted  in  Table 30 t h a t  c e r t a i n  recombinant pheno­
types show a g r e a t e r  number of progeny than t h e i r  complementary phenotypes.
The recom bination  frequency in  reg ion  1 (b -  cn) was s l i g h t l y  h ig h e r  
fo r  the  t r e a te d  than  fo r  the  c o n t ro l  fem ales, however, th e  recom bination 
frequency was somewhat lower in  region 2 (cn -  c )  and reg io n  3 (c -  bw) of
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the  t r e a te d  females a s  compared to the  c o n t ro l s  (Table 31 ).  The c ro s s -o v e r  
va lues  o b ta ined  here a re  no t very d i s c re p a n t  from th e  s ta n d a rd  v a lu e s  as  
g iven  in  L in d s ley  and G re l l  (1967).
TABLE 30
C rossing  over in  b cn c bw/+ + + + females s u b je c te d  to  a 0 .3  
kV/cm inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d
Region Phenotype ??
F ie ld C ontro l 
ÇÇ cf(/
E b cn c bw 119 123 403 388
0 + 163 171 429 479
S l-1 b 11 16 31 22cn c bw 4 2 19 26
El-2 b cn 44 42 98 114
c bw 43 46 169 158
Ei-3 b cn c 58 75 242 187
bw 79 81 199 223
E2-1,2 b c bw 4 2 7 12
cn 5 1 11 10
E2-1,3 b bw 3 3 14 18
cn c 2 5 2 1
E^-2 ,3 b cn bw 5 4 11 18
c 9 12 93 79
£3- 1, 2 ,3 b c 1 3 10 3
cn bw 0 0 0 0
T o ta ls








The number o f  double c ro s s -o v e r  progeny (curved) from the c o n t r o l
80
group was v e ry  h ig h .  Although g re a t  ca re  was taken  when c l a s s i f y i n g  the  
f l i e s ,  t h i s  l a r g e  number i s  most l i k e ly  a c l a s s i f i c a t i o n  e r r o r .
I t  i s  p o s s ib le  t h a t  a som atic  c ro s s -o v e r  occu rred  between cn and 
_c which could  have given a c lone  of c e l l s  which were c hw/+ +. I f  th e se  
c e l l s  became p a r t  of the  o v a r ie s  of the female than  a s in g le  c ro s s -o v e r  
between jc and W  could  have given gametes c a r r y in g  only  c_ o r  bw. This 
would in c re a s e  th e  number o f  c_ progeny bu t would a l s o  in c re a s e  the number 
of W  progeny. The number o f  ^  progeny i s  n o t  in  excess  though.
TABLE 31
C ross-ove r  v a lu e s  (w ith  s ta n d a rd  e r r o r s )  from b cn c bw/+ + + + 
fem ales s u b je c te d  to  a  0 .3  kV/cm inhomogeneous e l e c t r o s t a t i c  f i e l d
Treatment N b -  cn
REGION 
cn -  c c -  bw
( - )  F ie ld 8 6.02 ± 0.43 19.68 ± 0.91 29.94 ± 0.63
C on tro l 17 4.91 ± 0.36 22.07  ± 0 .61 30.34 ± 0.60
P - - -
* i n d i c a t e s  s ig n i f i c a n c e  a t  .05 l e v e l  
N = number o f  fem ales te s t e d
Magnetic F ie ld  E f f e c t  on C ro ss in g  Over 
in  th e  D i s t a l  Tip o f  X Chromosome 
Table 32 shows the number o f  p a r e n t a l  and recom binant types from
I . s pl  r b /+ + 4- + fem ales su b jec ted  to  a 0.7366 T m agnetic f i e l d .  There 
i s  a s i g n i f i c a n t l y  g r e a te r  number o f  female progeny than males from the  
p a re n ts  s u b je c te d  to  the  m agnetic f i e l d .  While th e r e  a re  more female
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progeny than m ales in  the  c o n t ro l  group the d i f f e re n c e  i s  n o t  s i g n i f i c a n t .  
The very  g rea t  d i f f e r e n c e  in  th e  number o f  p a r e n ta l  type progeny from the 
t r e a t e d  paren ts  shou ld  be n o te d .  There were 593 w ild  type fem ales compared 
to  445 w ild  type males and 472 p a r e n t a l  type mutant females compared to  
388 p a r e n t a l  type  m ales. I t  i s  t h i s  group which le ad s  to th e  sex  r a t i o  
d i f f e r e n c e s .  The d i f f e r e n c e s  in  the c ro s s -o v e r  progeny a re  n o t  g re a t  
enough to a f f e c t  th e  t o t a l  sex  r a t i o .
TABLE 32
C rossing over  i n  y w® s p l  rb /+  + + + females s u b jec ted  to  a 
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Tota ls 1143 894 3384 3264
T o ta l 2037 6648
The frequency of c ro s s in g  over between X “ and w^ -  s p l  was 
very s l i g h t l y  low er in  th e  t r e a t e d  fem ales than in  the  c o n t ro l  fem ales ,  
b u t  s l i g h t l y  h ig h e r  between s p l  -  ^  in  the c o n t ro l  females compared to  the
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t r e a te d  females (Table 33 ).  The recom bination frequency in  reg ion  1 
(2 -  w^) in  the t r e a te d  and c o n t ro l  females i s  s l i g h t l y  h ig h e r  than  the 
s tandard  va lue  of t h i s  r e g io n .  On the o ther  hand the recom bination  f re q ­
uency in  reg ion  2 (w^ -  s p l ) i s  s l i g h t l y  lower in  the t r e a t e d  and c o n tro l  
females than the s ta n d a rd  v a lu e  and somewhat lower in  reg io n  3 (s p l  -  rb) 
of both the  t r e a t e d  and c o n t ro l  group. Recombination f re q u e n c ie s  in  
reg ions  1 , 2 and 3 of _v w^ s p l  rb /+ + + + females o b ta in ed  in  t h i s  study 
do no t d i f f e r  s i g n i f i c a n t l y  when comparing expérim en ta is  w ith  c o n t r o l s .
TABLE 33
C ross-over v a lu es  (w ith  s tandard  e r ro r s )  from y w^ s p l  rb /+  + + + 
females s u b je c te d  to a 0.7366 T magnetic f i e l d
REGION
Treatment N y -  w^ w^ -  sp l s p l  - rb
0.7366 T 6 1.72 ± 0.43 1.27 ± 0.25 3.88 ± 0.30
C on tro l IB 1.80 ± 0.18 1.32 ± 0.25 3.25 ± 0 .23
? - - -
* in d i c a te s  s ig n i f i c a n c e  a t  .05 le v e l  
N = number of fem ales te s t e d
M agnetic F ie ld  E f fe c t  on C rossing  Over 
in  Proximal H alf of X Chromosome 
The r e s u l t s  of the  in f lu e n c e  of a magnetic f i e l d  on c ro s s in g  over 
in  the proxim al h a l f  of the  X chromosome are  shown in  Table 34. H eterozy­
gous m f c a r /+ + + females were su b jec ted  to a 1.1366 T mangetic f i e l d .
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The frequency of recom bination  between m -  f was very s l i g h t l y  g r e a t e r  in 
the experim en ta l females than in  the c o n t ro l s  (Table 35). The recom bination 
frequency between f -  ca r  was s ig n i f i c a n t l y  lower in  the  t r e a t e d  females 
than in  the c o n t ro l  fem ales . Because so few experim en ta l da ta  could be 
c o l le c te d  i t  i s  q u e s t io n a b le  how meaningful the r e s u l t s  a r e .
TABLE 34
C rossing  over in  m f c a r /+  + + females su b jec ted  to  a 1.1366 T




C on tro l 
gg cTc?
Co m f car 201 198 1160 1113
+ 191 220 1320 1311
El-1 m 52 63 375 375f car 47 74 351 389
Ei-2 m f 8 5 84 76
c a r 8 15 109 99
£2- 1,2 m car 2 0 6 2
f 0 2 3 4
T o ta ls








Cross-over v a lu es  (with s tan d a rd  e r r o r s )  from 
m f c a r /+  + + fem ales su b je c te d  to  a 1.136& T 
magnetic f i e l d
Treatment N
REGION 
m -  f f -  car
1.1366 T 5 22.29 ± 2.11 3.67 ± 1.04
Control 26 22.02 ± 0.64 5.72 ± 0.25
P *
* in d ic a te s  s ig n i f i c a n c e  a t  .05 l e v e l  
N = number o f  females te s t e d
Magnetic F ie ld  E f fe c t  on C rossing  Over 
in  Chromosome I I
Table 36 shows the number o f  p a r e n ta l  and recombinant ty p es  from 
b cn c bw/+ + + + females mated to homozygous mutant r e c e s s iv e  males and 
s u b jec ted  to  a 1.24 T magnetic f i e l d .  There i s  a s i g n i f i c a n t l y  g r e a t e r  
number of females than males from p a re n ts  s u b je c te d  to  the m agnetic  f i e l d .  
While th e re  a r e  more female o f f s p r in g  than male o f f s p r in g  from the  c o n t ro l  
p a ren ts  the  d i f f e r e n c e  i s  no t  s i g n i f i c a n t .
A 1.24 T magnetic f i e l d  produced no s i g n i f i c a n t  d i f f e r e n c e  in  the 
recom bination  frequency of markers lo c a te d  on chromosome I I  o f  m elanogaste r  
(Table 37 ) .  The recom bination frequency between cn -  £  was somewhat lower 
in  the t r e a t e d  females than in  the c o n t ro l  fem ales .  The recom bination  
frequency between ^  -  cn was 5.78% in  tlic t r e a te d  females and 5.84% in  the  
c o n t ro l  fem ales ,  both of which a re  lower than the  s tan d a rd  9% between b -  cn.
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TABLE 36
Crossing over in  b cn 
a 1
c bw/+ + + + 
.24 T magnetic
females
f i e l d
s u b je c te d to
Region Phenotype
F ie ld C o n tro l  
oç (/cT
E_ b cn c bw 150 109 1233 11710 + 163 164 1654 1629
E l-1 b 15 12 108 99cn c bw 6 9 84 76
Ei-2 b cn 44 34 374 378
c bw 49 42 500 560
E i-3 b cn c 80 69 664 639
bw 95 70 732 758
Eo-1,2 b c bw 2 0 32 20z cn 3 4 32 21
% 2-l,3 b bw 7 2 62 50
cn c 2 3 36 35
E2- 2.3 b cn bw 2 2 43 59
c 7 11 95 63
53- 1, 2,3 b c 0 G 3 1
cn bw 1 0 1 3
T o ta ls









C ross-over v a lu e s  (with s ta n d a rd  e r r o r s )  from b cn c bw/+ + + + 
females s u b jec ted  to  a 1.24 T magnetic f i e l d
Treatment N b -  cn
REGION 
cn -  c c -  bw
1.24 T 6 3.78 ± 0 .68 17.22 ± 1.83 29.10 ± 1.89
C on tro l 42 5.84 ± 0.30 19.01 ± 0.52 29.33 ± 0.55
P - - -
* in d ic a te s  s ig n i f i c a n c e  a t  .05 l e v e l  
N = number o f  females t e s t e d
DISC U SSIO N
S evera l f a c t o r s  such as tem pera tu re  (Plough, 1917, 1921; Thompson, 
1964; G r e l l ,  1966b), m aternal age (B ridges ,  1927), r a d i a t i o n  (W h i t t in g h i l l ,  
1937, 1955; Zimmering, 1958, 1962; Zimmering and Wu, 1963; Merriam and 
F r o s t ,  1964, and R o b e r ts ,  1969), chem ica ls  (Suzuki, 1965a, 1965b), 
n u t r i t i o n a l  e f f e c t s  (N e l l ,  1941; Levine, 1955), genotypic  e f f e c t  (Gowen and 
Gowen, 1922; Levine and Levine, 1955; Lawrence, 1958, and H in ton , 1966), 
i n t e r -  and in tra-chrom osom al e f f e c t s  (S te in b e rg ,  1936; S tu r te v a n t  and Beadle, 
1936; Brown, 1940; S ch u ltz  and R e d f ie ld ,  1951; O ksala , 1957, 1958; R oberts ,  
1962, and Suzuki, 1963), and cytoplasm  e f f e c t  (Thoday and Boam, 1956) have 
been found to  a l t e r  the recom bination  r a t e  i n  chromosomes o f  D ro so p h ila .
This would in d i c a te  t h a t  recom bination  i s  a r a th e r  s e n s i t i v e  phenomenon. 
T here fo re ,  i f  an e l e c t r o s t a t i c  o r  m agnetic f i e l d  of th e  s t r e n g th  used in  
t h i s  s tudy  a f f e c t s  g e n e t ic  m a te r i a l  one would l i k e ly  see a change in  r e ­
com bination r a t e s .  There i s ,  however, no in d ic a t io n  th a t  the e l e c t r o s t a t i c  
o r  magnetic f i e l d s  have any e f f e c t  on recom bination  in  the d i s t a l  or p rox­
imal s e c t io n  of the  X chromosome o r  in  the centrom ere reg ion  and r ig h t  arm 
of chromosome I I  o f  D̂. m e lanogas te r  fem ales .
In  one p a r t i c u l a r  in s t a n c e ,  however, a s i g n i f i c a n t l y  lower recom­
b in a t io n  r a t e  r e s u l t e d  between the  ^  -  c a r  markers i n  m f  c a r / 4- + + females 
s u b je c te d  to  a 1.1366 T magnetic f i e l d .  The d i f f e re n c e  could p o ss ib ly  be 
due to  the crowded co n d i t io n s  in  th e  v i a l s  and n o t  due to  th e  f i e l d  i t s e l f .
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I t  should be no ted  a lso  th a t  the d a ta  were c o l le c te d  from only 5 t r e a te d  
fem ales and the standard  e r r o r  i s  q u i t e  h igh  in  t h i s  group of d a ta .
C ross-over va lues  ob ta ined  in  t h i s  study were in  genera l c lo se  to 
the s tan d ard  va lues  (L indsley  and G r e l l ,  1967). The observed recom bination 
va lue  between b lack  and c innabar  on chromosome I I  shows a reduced va lue  
(when compared w ith  the s ta n d a rd  f ig u r e )  in  both c o n t ro l  and t r e a te d  fem ales.
CONCLUSTONS
The in f lu e n c e  o f  e l e c t r o s t a t i c  and magnetic f i e l d s  on c ro s s in g  
over in  D. m e lanogaste r  females was s tu d ie d .  R e su l t s  in d ic a te  t h a t :
(a) c ro s s in g  over in  the  d i s t a l  t i p  of the  X chromosome i s  no t  a f f e c t e d  
by a  0 .3  kV/cm inhomogeneous, (- )  or (+) p o l a r i t y ,  e l e c t r o s t a t i c
or a 0.7366 T magnetic f i e l d :
(b) c ro s s in g  over in  th e  proxim al h a l f  of the X chromosome i s  n o t  a f f e c t e d  
by a  0 .3  kV/cm inhomogeneous, ( - )  or (+) p o l a r i t y  e l e c t r o s t a t i c  f i e l d .  
A 1.1366 T magnetic f i e l d  appears to  p o s s ib ly  reduce the  frequency  of 
c ro s s in g  over between the markers forked  and c a rn a t io n  on the X 
chromosome bu t does n o t  a f f e c t  c ro s s in g  over in  o th e r  p rox im al reg ions  
t e s t e d :
(c) c ro s s in g  over in  the  r i g h t  arm and nea r  the  centrom ere of chromosome 
I I  i s  n o t  a f f e c t e d  by a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y  e l e c t r o ­
s t a t i c  f i e l d  or by a 1.24 T magnetic f i e l d .
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CHAPTER VI
THE INFLUENCE OF ELECTROSTATIC AND >L\GNETIC F IE L D S  
ON THE PRODUCTION OF 
SEX-LINKED R EC ESSIV E LETHAL MUTATIONS
METHODS AND MATERIALS
To determ ine the  in f lu e n c e  o f  e l e c t r o s t a t i c  and m agne tic  f i e l d s  
on the p roduc tion  of s e x - l in k e d  re c e s s iv e  l e t h a l  m u ta t io n s ,  th e  s tandard  
M ulle r-5  t e s t  was done. Wild type  males 4-6 days of age w ere c o l l e c t e d .  
About 100-150 males were p laced in  each of s e v e ra l  v i a l s .  The experim en ta l 
males were su b je c te d  to  a 0 .3  kV/cm inhomogeneous, ( - )  or (+) p o l a r i t y ,  
e l e c t r o s t a t i c  f i e l d  or a 0.9266 T homogeneous m agnetic  f i e l d  fo r  24 hours .  
Upon removal from the f i e l d  the  males were l i g h t l y  e t h e r i z e d .  Ten to  
f i f t e e n  t r e a t e d  o r  c o n t ro l  males were mated in  1/2 p in t  b o t t l e s  to  10-12 
2  2  (M uller-5) v i r g i n  fem ales .  F o r ty - e ig h t  hours  a f t e r  m a ting ,  the
males and females were l i g h t l y  e th e r iz e d  and th e  males d is c a rd e d .  The 
fem ales were p la ced  back in to  th e  c u l tu r e  b o t t l e s  fo r  an a d d i t i o n a l  fou r 
days and then d is c a rd e d .  C o n tro ls  were t r e a te d  th e  same e x c e p t  fo r  exposure 
to  the  ex perim en ta l  f i e l d .
S ing le  F^ 2 “ ^ fem ales were mated to  2-3 2  2 ^  ^/Y Fĵ  males
in  un -yeas ted  v i a l s .  The F  ̂ x Fj c ross  was m ain ta ined  a t  25 ± 1°C. Upon 
e c lo s io n  o f  the F2 progeny the  v i a l s  were checked fo r  the p re sen ce  o f  w ild
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type m ales. The absence o f  w ild  type males in d i c a te s  th e  p o s s ib le  p resence  
of a s e x - l in k e d  r e c e s s iv e  l e t h a l  m uta tion . A l l  v i a l s  which did  n o t  have 
wild type males were re -checked  by c o l l e c t in g  % ^ /+  + + fem ales from
the v i a l  and mating them to  t h e i r  % ^  B/Ï b r o th e r s .  I f  no w ild  type males 
appeared from the  r e - t e s t e d  females the v i a l  was sco red  as a r e c e s s iv e  
l e t h a l  chromosome. To determ ine the  frequency o f  s e x - l in k e d  re c e s s iv e  
l e t h a l s  the number of chromosomes c a rry in g  a  s e x - l in k e d  re c e s s iv e  l e t h a l  
was d iv ided  in to  the t o t a l  number o f  chromosomes t e s t e d .  A s in g le  mating 
r e p re s e n ts  a s in g le  X chromosome t e s t e d .
Stocks o f  the  m utants  were l o s t  before  the r e c e s s iv e  m uta tions  could 
be lo c a l iz e d .
RESULTS
Table 38 shows the r e s u l t s  o f  a s ta n d a rd  M ulle r-5  sex - l in k ed  
re c e ss iv e  l e t h a l  t e s t  fo r  males sub jec ted  to  a 0 .3  kV/cm inhomogeneous, (-)  
or (+) p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d ,  or a 0.9266 T homogeneous magnetic 
f i e l d  fo r  24 hours p r i o r  to m ating. Of 4761 chromosomes te s t e d  from males 
su b jec ted  to  the  ( - )  f i e l d  th e re  were 5 s e x - l in k e d  r e c e s s iv e  l e th a l s  ob­
served . Of 4888 chromosomes from c o n t ro l  males 4 r e c e s s iv e  l e th a l s  were 
found. Of 4802 chromosomes from males s u b je c te d  to  th e  (+) f i e l d  th e re  
were 4 r e c e s s iv e  l e t h a l s  produced compared to  5 i n  4920 chromosomes from 
corresponding  c o n t ro l  m ales. Seven se x - l in k e d  r e c e s s iv e  l e t h a l s  were found 
in  5119 chromosomes s u b je c te d  to  the  magnetic f i e l d .  There were 4 re c e ss iv e  
l e th a l s  in  4447 chromosomes te s t e d  in  the co rresp o n d in g  c o n t ro l  group. The 
m utation r a t e s  ranged from 1/731 in  males s u b je c te d  to  the  magnetic f i e l d ,  
(corresponding  c o n t r o l ,  1/ 1112) ,  to 1/1200 in  males s u b je c te d  to  the (+) 




Standard M u lle r-5 t e s t  f o r  th e  p roduc tion  o f  s e x - l in k e d  r e c e s s iv e  
l e t h a l  m utations in  males su b je c te d  fo r  24 hours to a  0 .3  kV/cm 
inhomogeneous, ( - )  or (+) p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d ,  or a 
0.9266 I  homogeneous magnetic f i e l d
Treatment
Number o f  
chromosomes 
te s te d
Number o f  
r e c e s s iv e  
l e t h a l s
Per c e n t  
l e t h a l s
0.3 kV/cm (- ) 4761 5 0.122 (1/952)
Control 4888 4 0.083 ( 1/ 1222)
0.3  kV/cm (+) 4802 4 0.083 ( 1/ 1200)
Control 4920 5 0.101 (1/985)
0.9266 T 5119 7 0.136 (1/731)
Control 4447 4 0.089 ( 1/ 1112)
DISCUSSION
Many of the same ex traneous  f a c to r s  which a f f e c t  c ro s s in g  over in  
D rosoph ila  a l so  in f lu e n c e  th e  m uta tion  r a t e .  R ad ia tio n  (M ulle r,  1927; 
A ltenbu rg ,  1934; C a tc h e s id e ,  1948; De Mazar B a rn e t t ,  1963; Kang e t .  a l . ,  
1963; Schouten, 1963; and Mukherjee and Suzuki, 1964), chem ica ls  (Auerbach 
and Robson, 1946; Bauty and F reese ,  1960; Kaplan e t .  a l . ,  1965; Takahashi 
and Suzuki, 1966; A lderson  and Khan, 1967; and Suzuki e t .  a l . ,  1967), a d u l t  
f l y  age ing  (Bateman, 1954), and tem perature  (Plough and I v e s ,  1934, 1935; 
Plough, 1935; and Edmondson and Meyer, 1952) have a l l  been shown to  induce 
r e c e s s iv e  l e t h a l  m u ta tio n s  in  D. m e lanogas te r .  There i s  no i n d i c a t i o n  in  
t h i s  s tu d y ,  however, t h a t  a  0 .3  kV/cm inhomogeneous, ( - )  o r  (+) p o l a r i t y ,  
e l e c t r o s t a t i c  f i e l d  o r  a  0.9266 T homogeneous magnetic f i e l d  in c re a s e s  o r  
dec re ase s  the  frequency  o f  s e x - l in k e d  r e c e s s iv e  l e t h a l  m u ta tio n s  in  
m elanogaste r  m ales .
Because of th e  l e n g th  of time the  m ales were exposed to the  f i e l d ,  
gametes could have been exposed as fu n c t io n a l  spermatozoa, sperm atid s  or 
sperm atocy tes  (L efevre  and Jonsson, 1964). Palmy and Fahmy (1964) in d ic a te d  
th a t  p o s t -m e io t ic  s t a g e s  (sperm and sperm atid s )  a re  used by 2 » m elanogaster 
males du ring  the  f i r s t  9 days a f t e r  i r r a d i a t i o n .  Because males were allowed 
to  mate w ith  females f o r  2 days a f t e r  being  su b je c te d  to  th e  experim enta l 
f i e l d s  used in  t h i s  s tu d y  i t  i s  sugges ted  th a t  chromosomes t e s t e d  in  the 
study  were p re s e n t  i n  spe rm atid s  o r  f u n c t io n a l  spermatozoa when sub jec ted  
to  the t rea tm en t f i e l d .
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The m uta tion  r a t e  was s l i g h t l y  h ig h e r  i n  males s u b je c te d  to  th e  (-)  
p o l a r i t y  f i e l d  and in  males s u b je c te d  to  th e  magnetic f i e l d  than in  c o n t ro l  
males b u t  the  d i f f e r e n c e s  a re  no t  s i g n i f i c a n t .
The spontaneous m utation  r a t e  f o r  s e x - l in k e d  r e c e s s iv e  l e t h a l s  
ranges from abou t 0 .1  p e r  cen t  (Timofeeff-Ressovsky and Zimmer, 1939) to  
0 .4  per cen t  (T ra u t ,  1963).
The m u ta tion  r a t e  ob ta ined  in  t h i s  s tu d y  from th e  t r e a te d  and 
c o n t ro l  males was w i th in  the spontaneous s e x - l in k e d  r e c e s s iv e  m uta tion  r a t e  
range no ted  by Timofeeff-Ressovsky and T ra u t .
The n e g a t iv e  r e s u l t s  ob ta in ed  u s in g  magnetic f i e l d s  a re  i n  accord 
w ith  those r e p o r te d  by Close and B eischer (1962) and B e isc h e r  (1964). There 
was no n o t i c e a b l e  in c re a s e  in  th e  number o f  d e fo rm it ie s  i n  D rosophila  
s u b je c te d  to  m agnetic  f i e l d s  as  was found by Mulay and Mulay (1964) who used 
magnetic f i e l d s  o f  .3  and .44 T.
The m agnetic  f i e l d  r e s u l t s  re p o r te d  he re  suggest t h a t  the  magnetic 
f i e l d  does n o t  a f f e c t  the sp in  o r i e n t a t i o n  o f  p ro tons  in  th e  DNA m olecule, 
and th a t  p ro to n s  do n o t  experience  any fo rc e  (Barnothy, 1964) to e f f e c t  
changes in  the  m olecule .
CONCLUSIONS
Inhomogeneous e l e c t r o s t a t i c  f i e l d s  o f  0 .3  kV/cm, ( - )  o r  (+) 
p o l a r i t y ,  end a homogeneous magnetic f i e l d  of 0.9266 T do n o t  s i g n i f i c a n t l y  
a f f e c t  the  r a t e  of s e x - l in k e d  r e c e s s iv e  l e t h a l  m uta tions  i n  m elanogaster 
m a le s .
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CHAPTER V I I
THE INFLUENCE OF ELECTROSTATIC AND MAGNETIC FIELDS 
ON EGG LAYING, EGG HATCH AND ECLOSION
METHODS AND MATERIALS
Egg Laying and E c lo s ion  
To de term ine th e  in f lu e n c e  of the e l e c t r o s t a t i c  f i e l d  on egg 
la y in g  by m e la n o g a s te r . v wf-/^ v i r g i n  females 3-4 days o ld  were 
in d iv id u a l ly  mated in  v i a l s  to  2-3  y/sc^.y"*" m ales . A f te r  a one day p r e ­
trea tm e n t i n  a 0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y  f i e l d ,  th e  p a re n ts  
were t r a n s f e r r e d  every  24 h o u rs ,  f o r  four days ,  to  f r e s h  medium v i a l s .
The tem pera tu re  i n  th e  c o n t ro l  v i a l s  and i n  th e  experim en ta l  v i a l s  du r ing  
t rea tm en t was 24 ± 1°C. Egg counts  were done on each v i a l  a f t e r  th e  p a r e n t s  
were t r a n s f e r r e d  to f r e s h  v i a l s .  A f te r  th e  egg count th e  v i a l s  were main­
ta in e d  in  an in c u b a to r  a t  25 ± 1°C.
The average number of eggs l a i d  p e r  day by fem ales s u b je c te d  to  a  
0.3 kV/cm inhomogeneous, ( - )  p o l a r i t y  e l e c t r o s t a t i c  f i e l d  was compared to  
the c o n t ro l  females by th e  t - t e s t .  The p e r  c e n t  e c lo s io n  between the  
experim en ta l group and c o n t r o l  group was a l s o  compared by the  t - t e s t .  The 
per  c e n t  e c lo s io n  was c a lc u la te d  by d iv id in g  th e  t o t a l  number of progeny 
e c lo s in g  p e r  v i a l  by th e  number o f  eggs d ep o s ited  by th e  female.
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T o ta l  progeny e c lo s in g  
per  v i a l
% e c lo s io n  =   X 100
Number o f  eggs d ep o s ited  
p e r  v i a l
Egg Hatch
Wild type females were c o l le c te d  and from 80-100 females were 
p laced  in  each of s e v e ra l  1/2  p i n t  b o t t l e s  co n ta in in g  f r e s h ,  y e a s te d  c o m -  
meal medium. Females remained in  the b o t t l e s  f o r  24-48 h o u rs .  Females 
were then  l i g h t l y  e th e r iz e d  and 20 females were p laced  in  each o f  s e v e ra l  
v i a l s  c o n ta in in g  f r e s h  com m eal medium. Females were l e f t  i n  th e  v i a l s  
f o r  i  hour then  d isca rd e d  o r  t r a n s f e r r e d  to  f r e s h  v i a l s  o r  b o t t l e s .  
Immediately upon removal of th e  females th e  eggs which were d ep o s ited  were 
counted. V ia ls  c o n ta in in g  th e  eggs were p laced  in  a 0 .3  kV/cm o r  0 .6  kV/cm 
inhomogeneous, ( - )  o r  (+) p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d ,  o r  i n  a  magnetic 
f i e l d ,  w i th in  15 m inutes a f t e r  the egg count. Egg ha tch  counts were begun 
20 hours a f t e r  the egg counts  were done and continued  every  hour fo r  3 h o u rs .  
The accum ulated average  p e r  cen t  egg ha tch  fo r  the  s p e c i f i c  time pe r io d s  
in  hours o f  the  t r e a t e d  eggs was compared to  th e  c o n t ro l s  by the  t - t e s t .
The number of eggs h a tc h in g  during the  s p e c i f i e d  cou n tin g  time 
in t e r v a l s  was determ ined by counting  the  t o t a l  number of empty egg c a se s .
The accumulated p e r  cen t egg h a tch  fo r  any s p e c i f i c  time i n  hours  was c a l ­
c u la te d  from the  fo llow ing  form ula.
Number 
of empty egg cases
Per r e n t  egg h a tch  = T o ta l  aunher o f  eggs----------
depos ited  pe r  female 
per  v i a l
RESULTS
Egg Laying and E c los ion  
The mean number o f  eggs d ep o s ited  per  day by s in g le  2  /Z. ^
fem ales i s  shown in  Table 39. The ex perim en ta l  females 3-4 days old a t  
m ating were s u b je c te d  to  a  0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o ­
s t a t i c  f i e l d .  There was a  s te a d y  decrease  i n  th e  number of eggs depos ited  
a f t e r  t r a n s f e r  ^  o f  bo th  the  t r e a t e d  and c o n t ro l  g roups. No s i g n i f i c a n t  
d i f f e r e n c e  in  the  number o f  progeny developing  from the  eggs d ep o s ited  i s  
no ted  (Table 40).
TABLE 39
Comparison o f  the  mean number of eggs d e p o s i te d  per day pe r  v i a l  
by y w^/y w^ females s in g ly  mated to  y/sc®Y.y"'‘ males. P aren ts  
s u b je c te d  to  0 .3  kV/cm inhomogeneous, ( - )  p o l a r i t y ,  e l e c t r o s t a t i c  
f i e l d .  P a re n ts  t r a n s f e r r e d  every  24 hours




o f  eggs d e p o s i te d  
C on tro l
Ÿ N P
a 8 42.2  ± 2 .38 39.2 ± 1.74 18
b 8 30.8 ± 2.75 26 .8  ± 1.91 18 -
c 8 25.5  ± 2 .26 22.2  ± 0 .80 18 -
d 8 22.8  ± 2.81 19.2 ± 1.84 18
* in d i c a t e s  s i g n i f i c a n c e  a t  .05 l e v e l  




Comparison of mean p e r  c e n t  o f  progeny e c lo s in g  pe r  v i a l  pe r  
t r a n s f e r  from eggs d e p o s i te d  by same females l i s t e d  in  Table 39
T ra n s fe r N






a 8 66.0  ± 8 .92 58.7 ± 6.51 18
b 8 66.5 ± 8 .07 73.6 ± 2.71 18 -
c 8 61 .8  ±10.36 61.9 ± 6.60 18 -
d 8 69.3  ± 9 .33 54.0 ± 7.73 18
* in d i c a t e s  s ig n i f i c a n c e  a t  .05 l e v e l  
Y = mean and i t s  s ta n d a rd  e r r o r
Egg Hatch
Table 41 shows th e  p e rc e n ta g e  ha tch  of eggs d ep o s ited  by w ild  type 
(Canton-S) fem ales and s u b je c te d  to  a 0 .3  kV/cm or 0 .6  kV/cm inhomogeneous, 
( - )  or (+) p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d  fo r  a p er iod  o f  23 hours a f t e r  the 
eggs were l a i d .  More than  75% egg hatch occurred  between 20 and 22 hours 
a f t e r  be ing  s u b je c te d  to  the  f i e l d s  or as c o n t ro l s .  F igu res  5 and 6 show 
th e  r e l a t i o n s h ip  of the  accum ulated per  c e n t  egg ha tch  to time a f t e r  egg 
count. There i s  no s i g n i f i c a n t  d i f f e r e n c e  between eggs s u b je c te d  to  the  
f i e l d s  when compared to  th e  c o n t r o l  group.
The tem pera tu re  in  the c o n t r o l  v i a l s  and experim en ta l v i a l s  during  
the t rea tm e n t p e r io d  in  the 0 .3  kV/cm or 0 .6  kV/cm e l e c t r o s t a t i c  f i e l d  was 
24 ± 1°C. Any tem pera tu re  v a r i a t i o n  which d id  occur was th e  same i n  the  
exp er im en ta l  group and th e  c o n t ro l  group.
No s u i t a b l e  r e s u l t s  fo r  th e  In f lu e n c e  of a homogeneous m agnetic
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f i e l d  on egg ha tch  could be obta ined due to  tem pera tu re  f lu c tu a t io n  
between th e  po le  p ie c e s  o f  the magnet. This experim ent was done during the 
summer and th e  w a te r  tem perature  was no t low enough to  keep the tem perature  
down in  the  m agnetic f i e l d .  The tem peratu re  in  the f i e l d  was in  the range 
of 25 ± 1°C w h ile  the tem perature of the c o n t ro l  groups was 22.5 ± 1°C.
A tem p era tu re  range t h i s  g re a t  d id  seem to  g r e a t ly  in f lu e n c e  egg hatch 
time, the  egg h a tc h  time f o r  the exp er im en ta l  groups b e in g  much l e s s  than 
f o r  the c o n t r o l  g ro u p s .
TABLE 41
PER CENT EGG HATCH. EGGS SUBJECTED TO EXPERIMENTAL INHOMOGENEOUS
ELECTROSTATIC FIELD
T rea tm en t 20






C o n tro l 8 .3 ± 0 .92 4 3 .7  ± 1.85 8 5 .5  ± 2 .24 9 0 .3 ± 1.81 327
.3  kV/cm (- ) 4 .8 ± 0 .9 0 4 1 .9  ± 1.02 8 4 .6  ± 1.08 90.1 ± 1 . 5 6 405
.3  kV/cm (+) 6 .5 ± 0.88 4 4 .5  ± 0 .8 0 86.8  ± 1.42 91.1 ± 0 . 8 4 344
C o n tro l 8 .7 ± 0 .76 4 1 .5  ± 2 .32 8 4 .2  ± 2.02 89.5 ± 1 . 3 5 738
.6  kV/cm ( - ) 6 .4 ± 0 .6 0 4 3 .0  ± 1 .32 8 7 .8  ± 1.27 93 .0 ± 0.88 761
.6 kV/cm (+) 6 .3 ± 0 .93 4 2 .4  ± 1.75 86.8  ± 2 .36 92 .2 ± 1.41 519
o
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HOURS AFTER EGG COUNT
F i g .  5 . — A c c u m u la te d  e g g  h a t c h  f r e q u e n c i e s  o f  e g g s
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HOURS AFTER EGG COUNT
F i g .  6 . — A c c u m u la t e d  e g g  h a t c h  f r e q u e n c i e s  o f  e g g s
s u b j e c t e d  t o  0 . 6  kV/cm in h o m o g e n e o u s  e l e c t r o s t a t i c  f i e l d .
DISCUSSION
The mean number of progeny e c lo s in g  in  the  c o n t ro l  group i s  q u i t e
low. The p e r c e n t  e c lo s io n  in  w ild  type m elanogaste r  i s  norm ally  in
excess  o f  90%. Some o f  the eggs may n o t  have been f e r t i l i z e d  o r  the  
genotype of th e  p a re n ts  may a f f e c t  zygote development. There i s  no 
in d i c a t io n  t h a t  the e l e c t r o s t a t i c  f i e l d  a f f e c t s  the  frequency o f  e c lo s io n  
s in c e  the  c o n t r o l  and experim ental v a lu es  a re  very  s im i l a r .
In  s e v e r a l ,  b u t  n o t  a l l  of the i n d i v i d u a l  prim ary  n o n d is ju n c t io n  
experim en ts ,  the  e l e c t r o s t a t i c  f i e l d  seemed to  have a l e t h a l  e f f e c t  on some 
of th e  p a r e n t s .  A tendency fo r  a s i g n i f i c a n t l y  lower number o f  r e g u la r  
progeny from y w^/^ w^ females and ^ / s c ^ . y '* ’ males used to s tudy prim ary 
n o n d is ju n c t io n  and s u b jec ted  to  th e  e l e c t r o s t a t i c  f i e l d  was n o te d .  The 
d i f f e r e n c e  was thought to  be due to  the  d ea th  o f  one o r  more o f  the  p a re n t  
fem ales . However, th e  seemingly l e t h a l  e f f e c t  was no t no ted  when in d iv id u a l  
females were mated in  v i a l s  and su b je c te d  to  a  0 .3  kV/cm e l e c t r o s t a t i c  
f i e l d .  There was no evidence th a t  fewer eggs were l a id  in  the f i e l d  or
t h a t  fewer progeny ec losed  or t h a t  a n o t i c e a b l e  number o f  the female p a r e n ts
d ied  w hile  b e in g  s u b jec ted  to  the  f i e l d .  In  a d d i t io n  th e r e  was no d i f f e r ­
ence in  the  p e r  cen t  egg hatch of eggs s u b je c te d  to  0 .3  and 0 .6  kV/cm 
inhomogeneous, (-)  o r  (+) p o l a r i t y ,  e l e c t r o s t a t i c  f i e l d s .  From about 78 
to  80% o f  th e  c o n t ro l  group of eggs and a l s o  those  su b je c te d  to  the  0.3 
kV/cm f i e l d s  ha tched  between 21 and 22 hours  a f t e r  la y in g  and about 75 to
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80% o f  the  c o n t ro l  eggs and those  su b je c te d  to  the  0 .6  kV/cm f i e l d s  ha tch ed  
between 21 and 22 hours a f t e r  la y in g .  This i s  i n  c lo s e  agreem ent w i th  the  
c o n t r o l  and experim en ta l d a ta  o b ta ined  by S teen  and O f te d a l  (1967) who 
s u b je c te d  eggs to  m agnetic  f i e l d s  and ob ta in ed  n e g a t iv e  r e s u l t s .  Avio and 
T arozz i  (1956, 1958) a l s o  n o ted  no d i f f e r e n c e  i n  o v i p o s i t i o n  r a t e s  and egg 
h a tc h  r a t e s  of D̂ . m e la n o g a s te r . They used a  f i e l d  g r a d ie n t  of 125 V/m 
which i s  lower than  used in  th i s  s tu d y .
CONCLUSIONS
Egg la y in g  r a t e s ,  the  frequency  of egg h a tc h in g  or e c lo s io n  i s  
n o t  a f f e c te d  by a  0 .3  o r 0 .6  kV/cm inhomogeneous, ( - )  o r (+) p o la r i ty ,  
e l e c t r o s t a t i c  f i e l d .
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CHAPTER V I I I
THE INFLUENCE OF A MAGNETIC FIELD 
ON DEVELOPMENT TIME AND PROGENY YIELD
METHODS AND MATERIALS
The e f f e c t  of th e  m agnetic f i e l d  upon development time of progeny 
and progeny y ie ld  from a  c ro ss  of s in g l e ,  v i r g in  2  s p l  rb /+  + + + 
fem ales mated in  v ia l s  to  2  s p l  rb /Y  m ales and s in g le  w ild  type v i r g in  
fem ales , 0-8 hours o ld , mated to  w ild  type m a les , was s tu d ie d . The 
ex p erim en ta l p a re n ts  were su b je c te d  to  a 0.7366 T m agnetic f i e l d .  P a ren ts  
were p r e - t r e a te d  fo r  two days. A s in g le  t r a n s f e r  o f th e  y w^ s p l r b / + + + + 
fem ales and male p a re n ts  was made a f t e r  th e  p re - tre a tm e n t p e r io d . The 
p a re n ts  were th e re fo re  su b je c te d  to  th e  f i e l d  fo r  a t o t a l  o f 4 days.
T ra n s fe r  procedure fo r  th e  w ild  type c ro s s  was the  same as n o n d is ju n c tio n  
and c ro s s -o v e r  s tu d ie s .  Eggs d e p o s ite d  by th e  fem ales could have been 
s u b je c te d  to  th e  f i e l d  a  minimum o f ab o u t 1 m inute and a maximum o f  about 
1 day and la rv a e  could  have been s u b je c te d  a maximum of about 1 day. A f te r  
t r a n s f e r  th e  v ia ls  were m ain ta ined  a t  25 ± I°C. The time a t  which progeny 
began to  ec lo se  was n o ted  fo r  each v i a l .  Progeny counts were done p e r io d ­
i c a l l y  on each v i a l .  The accum ulated average number of progeny e c lo s in g  
p e r  time u n i t  was c a lc u la te d  fo r  th e  ex p e rim en ta l and c o n tro l groups and 
compared by the  t - t e s t .
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RESULTS
The accum ulated  average number o f progeny e c lo s in g  p a r  v ia l  was 
s ig n i f i c a n t ly  le s s  from  th e  t r e a te d  s p l rb p a re n ts  when compared to
the c o n tro ls ,  b eg in n in g  a t  25 hours a f t e r  i n i t i a l  e c lo s io n  (Table 4 2 ).
F igu re  7 shows th e  r e la t io n s h ip  between tim e and th e  accum ulated 
average number o f  progeny e c lo s in g  from 2  s p l rb /+  + + + fem ales in ­
d iv id u a lly  mated in  v i a l s  to  y w^ s p l  rb /Y males and su b je c te d  to  a  0.7366 
T homogeneous, m agnetic  f i e l d  fo r  two day s . C o n tro l progeny began to  
ec lo se  21 hours b e fo re  th e  progeny from t r e a te d  p a re n ts .
The progeny from w ild  type fem ales 0-8 h o u rs  o ld  a t  m ating to  
1-2 day o ld  w ild  type m ales a t  th e  time o f m ating , su b je c te d  to  a 0.7366 T 
homogeneous m agnetic f i e l d ,  began to  e c lo se  le s s  than  f iv e  hours a f t e r  the  
c o n tro l group fo r  t r a n s f e r  ^  (Table 4 3 ). Except f o r  th e  progeny counts 
taken 27 and 33 hours a f t e r  i n i t i a l  e c lo s io n  th e re  was no s ig n i f i c a n t  d i f f ­
erence in  the accum ulated  average  number o f progeny p e r  v i a l .  Progeny 
counts f o r  up to  99 hours a f t e r  i n i t i a l  e c lo s io n  a re  shown. The r e la t io n s h ip  
between th e  mean number o f f l i e s  e c lo s in g  and th e  number o f hours a f t e r  
i n i t i a l  e c lo s io n  f o r  t r a n s f e r s  a ,̂ and £  of w ild  type fem ales in d iv id u a l ly  
mated to  w ild  type m ales i s  shown in  F ig u res  8, 9, and 10 r e s p e c t iv e ly .
Table 43 a ls o  shows th e  accum ulated average number o f f l i e s  e c lo s in g  fo r  
t r a n s f e r  b o f th e  w ild  type p a re n ts .  Counts up to  96 hours a f t e r  i n i t i a l  
e c lo s io n  a re  shown. As in  t r a n s f e r  a ,  th e  progeny from the  t r e a te d  p a re n ts
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began to  e c lo se  le s s  th an  f iv e  hours a f t e r  i n i t i a l  e c lo s io n  o f progeny 
from th e  c o n tro l p a r e n ts .  No s ig n i f i c a n t  d i f f e r e n c e  in  th e  accum ulated 
average  number o f f l i e s  e c lo s in g  per v i a l  i s  n o te d  f o r  t r a n s f e r  The 
progeny from th e  t r e a te d  w ild  type p a ren ts  in  t r a n s f e r  began to  e c lo se  
9 hours l a t e r  than  th e  progeny from the c o n tro l  p a re n ts  (T ab le  43). 
Except fo r  the  14 hour count th e re  was no s ig n i f i c a n t  d if f e r e n c e  in  th e  
accum ulated  average number o f f l i e s  e c lo s in g  p e r v i a l  from th e  t r e a te d  




The a c c u m u la te d  a v e r a g e  number o f  p ro g en y  p r o d u c e d  p e r  v i a l  from  
a  c r o s s  o f  y  s p l  r b /+  +  +  +  ç  x  y  s p l  r b /Y  jc f  s u b j e c t e d  t o  
a  0 .7 3 6 6  T m a g n e t ic  f i e l d  f o r  2 d a y s .  C o u n ts  ta k e n  on th e  h o u r s  
i n d i c a t e d  a f t e r  f i r s t  p ro g en y  b eg a n  t o  e c l o s e
Hours
a f t e r
i n i t i a l
e c lo s io n N
C on tro l 
Ÿ ± S .E . N
F ie ld  
Ÿ ± S.E . P
0 3 0 .3  ± 0 .3 3 0
2 3 0 .3  ± 0 .3 3 0 -
4 3 0 .6  ± 0 .6 3 0 -
6 3 0 .6  ± 0 .6 3 0 -
9 3 0 .6  ± 0 .6 3 0 -
11 3 0 .6  ± 0 .6 3 0 -
13 3 1.6 ± 1.2 3 0 -
15 3 3 .0  ± 1.1 3 0 -
21 3 7.0 ± 2 .3 3 1 .6  ± 0 .8 -
23 3 10.3  ± 2 .6 3 3 .3  ± 0 .6 -
25 3 13.0 ± 3 .0 3 4 .6  ± 0 .3 *
28 3 16.6 ± 2 .6 3 6 .3  ± 0 .6 *
30 3 18.0 ± 2 .0 3 7 .6  ± 1.4 *
32 3 18.0  ± 2 .0 3 8 .0  ± 1.7 *
34 3 18.6 ± 1 .8 3 10 .0  ± 2 .0 *
45 3 2 2 .0  ± 1.1 3 11.3  ± 1.4 *
47 3 23 .6  ± 1.4 3 13 .3  ± 0 .6 *
49 3 29 .6  ± 1.8 3 15 .0  ± 0 .5 *
51 3 32 .3  ± 1.7 3 1 6 .3  ± 0.3 *
53 3 39.3  ± 2 .3 3 18.6  ± 0 .6 *
55 3 40.6  ± 2 .4 3 20 .3  ± 0 .8 *
57 3 41 .3  ± 2 .7 3 2 1 .3  ± 1.4 *
59 3 42.0  ± 2 .5 3 2 3 .0  ± 1.7 *
69 3 48 .0  ± 3.2 3 27 .6  ± 2 .0 *
80 3 71.3  ± 1.8 3 47 .0  ± 4 .0 *
94 3 85.6  ± 1.4 3 5 7 .3  ± 1.4 *
* i n d i c a t e s  s i g n i f i c a n c e  a t  .0 5  l e v e l  
N = number o f  v i a l s  o r  fe m a le s  
Y = mean and i t s  s ta n d a r d  e r r o r
w
ë >
<  P i
(_)
_ _ _  C o n tro l
M — E x p e rim en ta l (0 .7366  T M agnetic  f i e l d )  
s p l  rb /+  + + + Y
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A ccu m u la ted  a v e r a g e  num ber o f  p r o g e n y  p ro d u ced  p e r  v i a l  from  a 
c r o s s  o f  a  w i ld  ty p e  fe m a le  to  w i ld  ty p e  m a le s . F e m a le s  w ere  
8 h o u r s  o l d  and m a le s  1 -2  d a y s  o l d  a t  t im e  o f  m a t in g .  E x p e r i­
m e n ta l  group  s u b j e c t e d  t o  a  0 .7 3 6 6  T m a g n e t ic  f i e l d  f o r  a t o t a l  
o f  7 d a y s .  P a r e n t s  t r a n s f e r r e d  t o  f r e s h  medium v i a l s  e v e r y  2 
d a y s a f t e r  a  2 d ay  p r e - t r e a t m e n t .  P ro g en y  c o u n t s  m ade a s  i n d i ­
c a t e d  a f t e r  f i r s t  p ro g en y  b eg a n  t o  e c l o s e
Hours
a f t e r
i n i t i a l
TRANSFER a
C o n tr o l F i e l d
e c lo s io n N Y S.E . N Y ± S .E . P
0 6 0 .6 ± 0 .3 3 0
5 6 3 .3 ± 1 .7 3 0 .3 ± 0 .3 -
10 6 5 .0 1 .9 3 1.6 ± 1 .2 -
22 6 11.5 2 .4 3 6 .6 ± 2 .0 -
27 6 27.5 ± 2 .9 3 19.0 ± 1 .0 *
33 6 34.1 ± 3 .2 3 23.6 ± 2 .3 *
46 6 42.3 ± 3.9 3 31.6 ± 6 .6 -
51 6 53.8 4 .6 3 4 0 .3 ±11.4 -
56 6 57.8 + 4 .9 3 41 ,3 ±11.6 -
70 6 62.8 6 .7 3 43 .0 ±12.1 -
80 6 69.0 8 .4 3 44 .0 ±12.1 -
94 6 70.0 ± 8.5 3 45 .0 ±12.1 -
99 6 70.6 8 .6 3
TRANSFER ^
45.6 ±12.7
0 5 1.4 + 0 .5 3 0 —
5 5 6 .0 2 .7 3 0 .3 ± 0 .3 -
10 5 10.4 2 .7 3 3 .0 ± 2 .0 -
24 5 15.4 2 .8 3 5 .0 ± 3 .6 -
34 5 29.2 + 4 .9 3 13.6 ± 5 .8 -
48 5 36.8 6 .8 3 19.6 ± 5 .3 -
53 5 44.6 8 .4 3 23.3 ± 5 .6 -
58 5 50.2 9 .2 3 25 ,3 ± 5 .3 -
72 5 54.2 10.5 3 30.0 ± 6 .9 -
81 5 65.4 +12.8 3 35 .3 ±10.7 -




a f t e r
i n i t i a l
ec lo s io n N
C o n tro l 
Ÿ ± S.E .
TRANSFER b 
N
F ie ld  
Ÿ ± S.E . P
0 4 1.0 ± 0 .7 3 0
14 4 5.2 ± 0 .6 3 1.3 ± 0.8 *
23 4 18.5 ± 3 .2 3 10.0  ± 5.5 -
38 4 26.0 ± 3 .4 3 20 .3  ±10.5 -
69 4 48.7 ± 6 .6 3 40.6  ±19.1 -
86 4 58.5 ±10.9 3 47.3  ±24.6 -
93 4 66.0 ±14.2 3 49.6  ±26.9
* in d ic a te s  s ig n if ic a n c e  a t  .05 le v e l  
N = number o f v ia l s  o r fem ales 
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F i g .  9 . — A c c u m u la te d  a v e r a g e  n u m b e r  o f  f l i e s  p e r  v i a l .
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F ig . 1 0 .—Accumulated average number o f f l i e s  per v ia l .
DISCUSSION
There seems to  be no c l e a r  c u t evidence th a t  th e  m agnetic f i e l d  
does in  f a c t  reduce progeny y ie ld .  The da ta  from heterozygous m utant 
fem ales mated to  m utant m ales i s  c o n tra d ic to ry  to  th e  d a ta  from w ild  type 
f l i e s .  The number o f  f l i e s  t e s t e d  could be im p o rta n t. There were 3 
heterozygous fem ales m ated to  hemizygous m utant m ales in  th e  ex p erim en ta l 
and c o n tro l  groups w h ile  th e re  were n in e  s e ts  o f w ild  type p a re n ts  to  beg in  
th e  experim en t, 3 in  th e  ex p erim en ta l group and 6 in  th e  c o n t ro l .  One
c o n tro l  fem ale was l o s t  in  t r a n s f e r  ^  and an o th e r in  t r a n s f e r  £ .  None were
l o s t  in  th e  ex p erim en ta l groups o f  e i t h e r  c ro s s .
Because so few d a ta  cou ld  be c o l le c te d  and because the  s ta n d a rd  
e r r o r  v a lu es  a re  so h ig h  in  t r a n s f e r s  ^  and £  o f the  w ild  type c ro s s  i t  i s
d i f f i c u l t  to  draw any s p e c i f i c  co n c lu sio n s  as to  the in f lu e n c e  o f  th e
m agnetic f i e l d .
The a c t iv i t y  o f  p a re n t f l i e s  was observed w hile in  th e  m agnetic  
f i e l d  and th e  p o s i t io n  o f eggs d ep o s ited  w hile  th e  fem ales were in  th e  f i e l d  
was n o ted . There ap p ea red  to  be no la rg e - s c a le  d if fe re n c e s  in  b e h a v io r  
p a t te r n s .  The o v e r a l l  movement o f the p a re n ts  in  the f i e l d  d id  ap p ea r to  
be s l i g h t ly  le ss  than  th a t  of the c o n tro l p a r e n ts .  There appeared  to  be no 
d if fe re n c e  in  the p o s i t io n  of eggs d ep o sited  o r o r ie n ta t io n  by th e  t r e a te d  
p a re n ts  compared to th e  c o n tro l  p a re n ts  a lthough  a s t a t i s t i c a l  a n a ly s i s  was 
n o t perform ed on th e se  phenomena.
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Tem perature f lu c tu a t io n  in  th e  experim en ta l and c o n tro l groups 
was no t more than 0 .5°C , th e re f o r e ,  i t  appears th a t  t h i s  f a c to r  would no t 
in flu e n c e  the d if fe re n c e  n o ted  in  progeny y ie ld .
I t  does ap p ea r, how ever, th a t  the  m agnetic f i e l d  does in c re a se  
th e  development tim e fo r  eggs l a id  in  th e  m agnetic f i e l d .  I f  in  f a c t  the 
development time i s  de layed  th e  e f f e c t  o f the  f i e l d  would be on eggs or 
la rv a e  le s s  than 2 days o ld .  Any e f f e c t  might be due to  reduced enzyme 
a c t iv i t y  as  su ggested  by Levengood (1967). Some ev idence has been p re se n te d , 
however, which su g g es ts  th a t  a  m agnetic f ie ld  in c re a se s  o r r e a c t iv a te s  
enzyme a c t i v i t y .  Cook and Smith (1964) and Wiley (1964) found in  v i t r o  
a c t iv i t y  o f t ry p s in  to  in c re a s e  upon b e in g  su b je c te d  to  a m agnetic f i e l d .
CONCLUSIONS
A 0.7366 T homogeneous, m agnetic f i e ld  may cause some in c re a s e  




To compare the n o n d is ju n c tio n  r a te s  between th e  ex p erim en ta l and 
c o n tro l  groups a  2 x 2 con tingency  t e s t  w ith  Y ates c o r re c t io n  f a c to r  was 
perform ed on th e  d a ta .




(1) f o r  c a lc u la t io n s  w ith  th e  number o f r e g u la r  progeny produced from
th e  p a re n ts  in  n o n d is ju n c tio n  s tu d ie s  w here:
Y = th e  number o f  re g u la r  progeny produced p e r v i a l  (p er fem ale)
o r  p e r  b o t t l e  fo r  each t r a n s f e r  o r t o t a l  c u l tu r e s
Y = th e  average number o f  re g u la r  progeny produced from a l l  v i a l s
( a l l  fem ales) o r a l l  b o t t l e s  f o r  each t r a n s f e r  o r  t o t a l  com­
b in ed  d a ta  o f each group 
N = th e  number o f  v ia l s  (fem ales) o r  b o t t l e s  f o r  each t r a n s f e r  or 
t o t a l  group d a ta ;
(2) fo r  d e term in ing  th e  in f lu e n c e  o f  th e  e l e c t r o s t a t i c  f i e l d  on egg
la y in g  and progeny y ie ld :
Y = th e  number o f  eggs la id  p e r  v i a l  p e r  fem ale fo r  each t r a n s f e r ,
or the frequency of progeny eclosing per vial
121
122
Y = th e  average number o f eggs d e p o s ite d  per fem ale p e r  v i a l  fo r
each t r a n s f e r ,  o r th e  av erag e  frequency  o f progeny y ie ld  in  
a l l  v ia ls  of each group f o r  each t r a n s f e r  
N = th e  number o f  v i a l s  (fem ale  p a re n ts )  fo r  each group f o r  each 
t r a n s f e r ;
(3) fo r  determ ining  th e  in f lu e n c e  o f  the  e l e c t r o s t a t i c  f i e l d  on egg
h a tc h :
Y = th e  frequency o f egg h a tc h  p e r v i a l  fo r  s p e c if ie d  tim e
Y * th e  average frequency  o f  egg ha tch  fo r  a l l  v i a l s  o f  each group
N = th e  number o f  v i a l s  (fem ale p a re n ts )  fo r  each group;
(4) f o r  c ro ss -o v e r v a lu es  in  s p e c i f ie d  re g io n s :
Y = th e  c ro ss-o v er frequency  from  each v ia l  o r fem ale
Y = the average frequency  o f  c ro s s in g  over from t o t a l  d a ta  o r from
a l l  v ia ls  (fem ale p a re n ts )  fo r  each group 
N = th e  number of v i a l s  (fem ale p a re n ts )  fo r  each group;
(5) f o r  c a lc u la t in g  th e  e f f e c t  o f a  m agnetic f i e l d  on progeny y ie ld :
Y = the  to t a l  number o f progeny e c lo s in g  per v i a l  a t  tim e of coun t
fo r  each group
Y = th e  average number o f  progeny e c lo s in g  from a l l  v ia l s  fo r  each
group a t  tim e of coun t 
N = th e  t o t a l  number o f v i a l s  (fem ale p a re n ts )  f o r  each group fo r  
each t r a n s f e r  o r t o t a l  group number.
Comparisons o f  the  number o f  re g u la r  progeny produced p e r  t r a n s f e r  
from p a re n ts  used in  n o n d is ju n c tio n  s tu d ie s ,  th e  number o f eggs l a id  p e r  
fem ale  p e r  day in  an e l e c t r o s t a t i c  f i e l d ,  th e  frequency of progeny e c lo s in g  
p e r  v i a l  which had been su b je c te d  to  th e  e l e c t r o s t a t i c  f i e l d ,  th e  frequency
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o f egg h a tch  p e r  tim e , th e  c ro s s -o v e r  v a lu es  o b ta in ed  from a l l  t r a n s f e r  
c u l tu r e s  fo r  each s p e c i f i c  c ro ss  and group, and th e  progeny y ie ld  p e r  v ia l  
from p a re n ts  su b je c te d  to  a m agnetic f i e l d  were done by th e  t - t e s t .  The
v a lu es  fo r  ^  were o b ta in ed  from
t- —  ■■
(?1 -  ?2)
■  / (Nj - l ) s ^  + (Ng -  1)8,2 /f» !  + *2 \/
—
+ Ng -  2
\  *^^2 y/
w here: = th e  mean v a lu e  o f  the  a p p ro p r ia te  e x p e rim e n ta l d a ta
= th e  mean v a lu e  o f  the a p p ro p r ia te  c o n tro l  d a ta
2
s^ = th e  v a r ia n c e  o f  th e  ex p erim en ta l d a ta  o b ta in e d  from
Z « i  -
«1 - 1
2
= th e  v a ria n c e  o f  th e  c o n tro l  d a ta  o b ta in ed  form
K ï ,  -
-  1
* th e  number of v ia l s  (fem ales) o r b o t t l e s  fo r  s p e c i f ic  t r a n s f e r  
o r  t o t a l  group number fo r  experim en ta l c ro s se s  
N2 = th e  number o f v i a l s  (fem ales) or b o t t l e s  f o r  s p e c i f i c  t r a n s f e r  
o r  t o t a l  group number fo r  c o n tro l c ro s s e s .
A ll d a ta  com putations were done w ith  th e  O l iv e t t i  Underwood Programma 
101 desk computer and th e  IBM 350 com puter. A canned O l iv e t t i  program
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(code 520) fo r  a  t - t e s t  between two means was used f o r  some com parisons. 
IBM 350 l ib r a r y  program s from th e  T ria n g le  R esearch Computation C enter 
(TÜCC) in  Chapel H i l l ,  N orth C a ro lin a , w ere u t i l i z e d  fo r  th e  m a jo rity  
o f com putations. L ib ra ry  program s used w ere (a) LOAD(UNPRDI)PUBLIC; t h i s  
program computes the means, s ta n d a rd  e r r o r s  o f  th e  mean d if f e r e n c e ,  and 
_t s t a t i s t i c  fo r  two groups o f o b se rv a tio n s  (u n p a ire d ); (b ) LOAD(CHISQR) 
PUBLIC; t h i s  program computes th e  c h i-sq u a re  s t a t i s t i c  (w ith  or w ith o u t 
Y ates c o rre c tio n  f a c to r )  f o r  a  con tingency  ta b le .
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